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ABSTRACT
Reported is a study of the effect of having seventh

grade science students make overt vernal responses in written form to
auestions of varying degrees of complexity following seauential
segments of programed instruction on Newtonian mechanics. It was
hypothesized that students responding to more complex questions would
have significantly higher achievements than students who responded to
less complex auestions. Questions were of a given level of complexity
for each of three treatment groups ane of different levels of
complexity for the different arouns. 1 fourth group, without
questioning, read a paragraph related to the questions asked other
groups. Controls were provided for ability to read and comprehend
science content materials. At the .01 level, groups with questiorina
achieved higher than 'he treatment aroup without questioning ard tee
latter groups achieved higher than the control croup without
instruction; there was a slanificant nositive trend in achievemert
per unit change in auestion complexity. Tt was concluded that as the
complexity of questions to which students responded increaseA,
student achievement increased, the amourt of instructional time taken
increased, and the numbers of errors on the interspersed CUPS+10PS
increased. (JY)
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The Fffect on Learning of Post Instructional Verbal Responses
To Ouestions of Different Degrees of Complexity

SUMMARY

The purpose of this research was to determine the effect on the
learning of science subject content of having students make overt

bal) responses to questions of varyilg degrees of complexity
owing sequential segments of instruction. It was hypothesized

that students who responded to the more complex questions would
have significantly higher achievements than students who responded
to the less complex questions.

Five groups of seventh grade students were involved in the study
(N.196). Four groups completed a programmed instruction sequence in
Newtonian Mechanics and one group acted as the control. Questions were
interspersed every twentieth frame (approximately) of the programmed
instruction materials for three of the treatment groups and the fourth
treatment group read a perLgraph related to the questions. The ques-
tions were of a given level of complexity for any one treatment group
but were of a different level of complexity for different treatment
groups. A question was considered more complex than another if it
required the respondent to utilize a greater number of parts of the
subject content in formulating an answer. A series of judges were
used to verify the differences of complexities of the questions.
Immediately following the completion of the instructional materials,
student achievement on the subject content relevant to the questions
(relevant) and not relevant to the questiols (incidental) was assessed.
The treatment group that completed the instruction materials without
the interspersed questions scored significantly higher ( p<.01) than
the control group on both achievement measures. The groups that com-
pleted the instruction materials and responded to the interspersed
questions scored significantly higher (P<.01) than the group that com-
pleted the instructional materials and did not respond to questions.
There was a significant (P<.01) positive trend that described the
amount of change in achievement (relevant and incidental) per unit
change of question complexity. The change in ach evement was accom-
panied by a similar positive trend in the time needed to complete the
instruction materials and by an negative trend in the number of errors
made in responding to the interspersed questions. Within each treatment
group there was a negative correlation between the number of errors
made in responding to questions and achievement, while across treatment
groups there was a positive relationship between the number of errors
made and achievement. The differences in achievements and the number
of errors made were attributed to a general practice effect and inspec-
tion behaviors exhibited by students in the learning process.
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Chapter I

Problem, Theory, and Related Research

Introduction

The interplay of language and human conceptual learning, though

complex, is a fundamental factor that pervades most, If not all, of

education. In a classroom, the learning of a concept is usually

interpreted as a student's mastering of conceptual principles and,

by some method, being able to verbalize them for a teacher. In

teaching for concept learning, students are given some form of in-

struction or instructional material that may include lectures, read-

ings, working with apparatus (laboratory-type classes), etz. One

set of activities cormon to nearly all instructional systems is

periodic assessment or review of knowledge gained as a part of the

instructional process. These complex activities may be used as a

form of student evaluation or as a method of assisting students in

the learning process. They may, for example, take the form of

review questions placed throughout the subject content, short

quizzes, student-teacher conversations, or classroom discussions.

Writers on teaching methods (e.g., Inlow, 1965: Bruner, 1966) and

curriculum specialists (e.g., Oliver, 1965: Wiles, 1963) consider

these complex activities (verbalizations) an important, integral

part of the learning process.

Investigators have identified many of the relationships that

exist between the questions or statements used to elicit verbaliza-

tion and their learning outcomes. These include: the effect of

placing questions to produce verbalitation either before or after



instructional sequences (Rothkopt, 1966); the amount of intervening

subject content between verbalizations (Frase, 1968); the effect of

verbalization in the instructional sequence with technical and non-

technical subject content (Fry, 1960); the parts of the subject con-

tent with which the questions producing verbalization are involved

(Frase, 1967); and the types of responses that students use in ver-

balization (Goldbeck and Campbell, 1962). Through these studies

and othe'rs, we have acquired information on the relationship between

many of the factors involved in questioning to produce verbalization,

and the learning outcomes for students.

The investigations reported in the literature on the effect of

verbalization have been principally involved with the effect of

question placement in the instructional sequence to produce verbali-

zation and the types of subject content involved. Few investigations

have been concerned with the characteristics of the questions that

elicit the verbalization even though the characteristics of the

questions may affect learning outcomes. Several studies reported

in the literature have dealt with asking questions about difficult

aspects of the subject content and with requiring certain types of

responses, but none were found that dealt with the characteristics of the

questions themselves. The characteristics of the questions used to

elicit verbalization might be an important factor in learning since

they may enter into the learning outcomes each time a question is

asked. A more precise knowledge of the relationship between the

characteristics of questions used to elicit verbalization and the

learning outcomes could provide a service to education.
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Teachers, authors, lecturers, and curriculum developers, among

others, at some time in their professional activities utilize ques-

tions or statements to stimulate their students to review or spend

time thinking about the subject content with which they are working.

This is a relatively common teaching-learning activity. As a result

of such activities, students who participate have been shown to learn

more of the subject content that they were studying than students who

did not participate in the activity (Rothkopf, 1966). There is an

obvious need for a greater understanding of the relationship that may

exist between the characteristics of auestions used to elicit verbali-

zation and the amount of learning that takes place as a function of

this verbalization. Since questions to produce verbalization are

so frequently used in education as a teaching-learning tool, experimen-

tal findings as to the value of questions having given characteristics

may be applied across a number of educational environments.

The Problem

The purpose of this, research was to determine the effect on the

learning of science subject content of having students make overt

(verbal) responses to questions of varying degrees of complexity

following sequential segments of instruction.

Several groups of students were taught, utilizing the same

instructional sequence with questions of a different degree of com-

plexity interspersed in the content of each group. The questions

were of a given degree of complexity for any one group, but of

different degrees of complexities for different groups. The questions



were placed at the same location in the subject content for all

groups. It was expected that students who responded to the more

complex questions would have different behaviors than the students

who responded to the less complex questions. It was anticipated

that students who responded to the more complex questions would:

read the subject content more carefully, spend more time reread-

ing portions of the subject content, and read more carefully

the corrective feedback associated with each of the questions

than students who responded to the less complex questions. The

differences in the behaviors of students responding to questions

of different complexities were expected to be seen in a number

of measures. Students who responded to the more complex ques-

tions were expected to score higher on an achievement test given

immediately following instruction, to make more errors in their

responses, and take more time to complete the instructional

materials than students responding to the less complex questions.

It was anticipated that positive correlations would be found be-

tween the number of errors made in the verbalizations and the

final achievement scores, and between the final achievement

scores and the time needed to complete the instructional materials.

Definitions

Verbalization: To express the answer to a question in words,

with pictures, or with numbers. In this study,

students verbalized by responding to questions

by writing the answers on paper.



Relevant Subject Content: That subject content which is a part of,

is named in, or is an acceptable answer to the

questions that follow segments of instruction.

Factor: A characteristic of subject content that can be measured

or described independently of other characteristics

within the subject content.

Level: A subset or subdivision of a factor.

Differences in complexity of questions: One question is more com-

plex than another when it involves either more

factors and/or more levels per factor. A question

is more complex than another if it involves more

factors than another question or questions, regard-

less of the relevance of the additional factor or

factors to the solution or answer. In terms of

levels, a question becomes more complex as more

levels are introduced, as more members are intro-

duced within a level, Lad/or as the ratios between

the number of members in two or more levels increase.

For example, in subject content dealing with levers, the masses or

forces involved, the positioning of the masses relative to the fulcrum,

and the angle through which the lever turns are factors. Highe.: ratios,

numbers, or magnitudes of masses and lever arm lengths, and the number

of degrees of angles of rotation of the lever are levels within each of

the factors.

Hypothesis

Seventh grade students were randomly assigned to work in five treat-

ment groups. The students in four of the treatment groups received the

5



same training (programmed instruction in mechanics) and different treat-

ments (each group responded to questions of a different complexity that

were interspersed within the programmed instruction). One treatment

group acted as the control group and received neither training nor

treatment. The hypotheses dealt with differences in the achievement

of students in the treatment groups as a function of the differences

in treatment that each received. The hypotheses were stated in the null

form.

To describe the facilitative effects of verbalization on achieve-

ment, achievement was measured in tetras of the subject content with

which the verbalization was involved (relevant content) and the subject

content with which the verbalization was not involved (incidental

content). It appeared necessary, since learning was concerned with

both relevant and incidental subject content, to evaluate the effects

of the experimental treatment on these two measures collectively as well

as separately. Each child's ability to read and comprehend science

content materials was statistically controlled for in the hypotheses

and analyses.

H1: There is no relationship between the degree of complexity of
questions producing student verbalization and the amount of
increase in student achievement on relevant and incie ntal
subject content when reading ability is statistically con-
trolled.

The -..ceding hypothesis was tested in the multivariate case

with incidental and relevant content considered collectively in a trend

analysis. The following two hypotheses were tested as univariate sub-

sets of H1. The second and third hypotheses (H2, H3) somewhat overlap

H and are intended to establish the individual relationships of

6



relevant and incidental subject content learning to the treatment in

the univariate case. H2 and H3 will be tested only if HI is rejected.

H2: There is no relationship between the degree of complexity
of questions producing student verbalization and the amount
of increase in student achievement on relevant subject content
when reading ability is statistically controlled.

H3: There Is no relationship between the degree of complexity of
questions producing student verbalization and the amount of
increase in student achievement on incidental subject content
when reading ability is statistically controlled.

Although it was established to some degree in the preceding hypo-

theses, the effect of both the instructional sequence used (training)

and the verbalization (treatment) on student achievement of relevant

and incidental subject content should be established. The fourth hypo-

thesis (H4) evaluated the effect of the training, and the seventh hypo-

thesis (H7) evaluated the effect of the treatment (verbalization) on

relevant and incidental science content achievement.

H4: There is no difference in the achievement of two groups of
students on relevant and incidental subject content when
one group receives no treatment and no training and the
other group receives training but no treatment, and reading
ability is statistically controlled.

The fifth and sixth hypotheses (H5 and H6) were univariate subsets

of H4. Since H4 was not statistically independent of Hi and H7, H5

and H6 were handled as discussion hypotheses.

H5: There is no difference in the achievement of two groups of
students on incidental subject content when one group
receives no treatment and no training and the other group
receives training but no treatment, and reading ability is
statistically controlled.

H6: There is no difference in the achievement of two groups of
students on relevant subject content when one group receives
no treatment and no training, and the other group receives
training and no treatment, and reading ability is statistically
controlled.

7



H7: There is no difference in the achievement of groups of
students on relevant and incidental subject content when
one group receives training and no treatment, and three
other groups receive both training and treatment, and
reading ability is statistically controlled.

The eighth and ninth hypotheses (H8 and HO were univariate

subsets of H7. Since H7 was not statistically independent of HI and

H4, H8 and H9 were handled as discussion hypotheses.

H8: There is no difference in the achievement of groups of
students on incidental subject content when one group
receives training and no treatment, and three other groups
receive both training and treatment, and reading ability
is statistically controlled.

H9: There is no difference in the achievement of groups of
students on relevant subject content when one group receives
training and no treatment, and three other groups receive
both training and treatment, and reading ability is statis-
tically controlled.

It was anticipated that as the complexity of the questions used

to elicit verbalization increases that the number of errors made in

verbal responses would increasL, and the use made of the information

pertaining to the correct answer (corrective feedback) would also

increase. With the greater use of corrective feedback, it was expected

that achievement would also increase.

Hio: There is no relationship between the number of errors made
in verbal response to questions and student achievement on
incidental subject content.

H11: There is no relationship between the number of errors made in
verbal response to questions and student achievement on rele-
vant subject content.

It was anticipated that responding to questions of varying degrees

of complexity within the instructional materials may produce differences

in student behaviors. As a result of the differences in behaviors,

students may have taken either more or less time to complete the instruc-

tional materials.
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: There is no difference in the amount of time tac.en by
groups of students to complete instructional materials
when the instructional materials for each group contain
questions of different degrees of complexity.

The Literature Review*

A number of studies were found in the literature dealing with the

effect on learning of placing questions withir an instructional sequence

to produce student verbalization. Questions placed either before or

after segments of an instructional sequence have, in general, produced

facilitative effects on learning (Rothkopf, 1966). Also this facilita-

tion has been shown to occur (Rothkopf and Bisbicos, 1967; Rothkopf and

Coke, 1966) without any apparent detrimental effects on student-

learning activities. Frase (1967) has shown that when verbalization

preceded an instructional segment (pre-segment), the increased learning

was in terms of specific, question-relevant material and not in terms of

enrichment or incidental material. When, on the other hand, verbaliza-

tion followed an instructional segment (post-segment), both question-

relevant and enrichment or incidental subject content learning was

facilitated (Ausubel, 1962, Hershberger, 1964).

For both pre-segment and post-segment verbalization, the relative

position of the answers (within the subject content) to the questions

had no effect. That is, whether the answers were near to or far from

(in terms of the amount of intervening content) the questions that

produced the verbalization, there were no differences in the amounts

of facilitation that were provided (Frase, 1968).

The facilitating effects of verbalization on learning has also

* An annotated bibliography of more complete readings in this subject
area follows the bibliography.
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been shown to be consistent over a range of ages (Jeffrey, 1963;

Norcross, 1957: Wittrock, 1963). For example in the range of ages

three through nine, students who verbalized as a part of instruction

showed consistently and relatively uniform amounts of improvement in

learning at each age level over other students who underwent the

same instruction but did not experience verbalization as a part of

instruction.

There are essentially two forms of verbal response that students

may make to a question. These forms are covert and overt, and both

have been shown to have facilitative effects cn studenl: ]erning

(Goldbeck and Campbell, 1962; Holland, 1960; Michael end Maccoby,

1953, 1961). Since covert responses are internalized, they are

diffiCult to analyze except in terms of their effect in some later

criterion measure (Evans, Glaser, and Home, 1960; Silverman and

Alter, 1960). Overt responses are more easily evaluated than covert

response, and may be divided into oral and non-oral types of

responses. As the terms imply, an oral response is one that is

spoken, and a non-oral response is one that is written, checked,

drawn, etc. When criterion measures were administered immediately

following an instructional sequence, it was found that covert and

overt responses had equally facilitating effects on learning

(Goldbeck and Campbell, 1962: Holland, 1960; Kanner and Sultzer,

1956; Silverman and Alter, 1960). Overt responses did, however,

produce superior performance on criterion measures when the sub-

ject content utilized a technical or specialized vocabulary

(Fry, 1960; McGuire, 1955, 1961; Myer, 1960) and when there as

a time delay in the administration of the criterion measure

10



(Goldbeck and Campbell, 1962; Krumboltz, 1964; Krumboltz and

Weisman, 1962).

Superimposed on these forms of responses, covert and overt

(oral and non-oral), are two modes of responses. The first, or

student- constructed - response (SCR) is one in which a student ver-

balizes by making his choice of words or sentences from his own

vocabulary or the lesson content. The second, or investigator-

constructed-response (ICR), is one in which a student does not

utilize his own vocabulary, but instead chooses from a number of

alternate answers prepared by the investigator. With subject

content utilizing a non-technical, non-specialized vocabulary,

there was no significant difference in the amount of learning

facilitated by either SCR and ICR (Coulson and Silberman, 1960;

prase, 1968: Williams, 1965), but in subject content utilizing a

technical, specialized vocabulary, significantly more learning

occurred as a result of SCR than ICR (Cummings, Allena, and

Goldstein, 1962).

There are several points on which there is less than complete

agreement about the characteristics of questions used to produce,

verbalization, the types of responses required of students, and

their relationship to the subject content being learned. Skinner

(1958), for example, contends that students should have low error

rates in responding to statements, and that high error rates reflect

a fault in the development of the statements themselves and not in

the abilities of students. There appears to be ample evidence to

warrant the questioning of this contention in terms of post-segment

verbalization. By revealing errors in student understanding through

11



the use of interspersed questions, it is possible to minimize tLe

difference between the intended and the actual output of a lesson

through a process of feedback. To be of value, the questions pro-

ducing effective verbalization have been shown to need certain

characteristics. For example, Eigen and Margulies (1963), Holland

(1965), and Krumboltz (1964) have found that by asking questions

about essential, relevant lesson content rather than trivia,

learning was facilitated. Also, Cummings, Allana, and Goldstein

(1962), Eigen and Margulies (1963) have found that a question should

require a "trenchant answer both in form and content so that errors

in responses are not obscured by errors of measurement or simple

lack of recognition (p. 52)." These studies begin to point to what

may be considered the value of the difficulty or complexity of

questions. Goldbeck and Campbell (1962) and Eigen and Margulies

(1963) investigated the effect of asking questions of students

(verbalization) about the difficult aspects of lessons, where the

probability of an error was substantial, and found that this

facilitates learning more than when only trivial responses are

required. These two studies give additional strength to the thesis

that the degree of complexity of questions that elicit verbalization

will contribute to the facilitation of learning.

In the studies cited, a form of feedback was used to correct a

student's misunderstanding. Once a student was aware of an error,he

was provided a rource of information to correct his error. Several

feedback methods have been utilized, each of which has facilitated

learning. These methods have included a student rereading sections

12



of the subject matter germane to his error (Hershberger, 1913,

1964, and Hershberger et al, 1965); being given the correct answer

(Myer, 1962; Peterson, 1960); being given the correct answer in

a complete sentence (Bivens, 1965; Krumboltz and Bonawitz, 1962);

or being given the correct answer with an accompanying explanation

(Bryon and Rigney, 1965).

A natural extension of the work cited would be to determine the

effect on student learning of asking questions of varying degrees of

complexity about relevant aspects of subject content. More specifi-

cally, the question to be answered is: What will be the effect of

post-instructional verbal responses to questions of different degrees

of complexity (1) on the learning of subject content that is relevant

to the questions producing verbalization and (2) on the learning of

subject content that is not relevant to the questions producing

verbalization?

This study was designed to make maximum use of the findings of

other studies so that differences that might arise as a function of

the treatment (questions of different complexities), although small,

may be identified more clearly. The subject content used was technical

in nature and post-segment questions with student-constructed responses

were used to facilitate learning. The correct answer and an explana-

tion of its derivation (feedback) was provided following each question

used to elicit the verbalization. Achievement was assessed immediately

following the completion of the learning experience and was done in

terms of the subject content that was relevant and irrelevant

(incidental) to the questions producing verbalization. It was antici-

pated hat differences in achievement that would arise as a function

13



of the treatment, and their relation to the other variables that

were measured as a part of the study, could be identified and

explained.

Assumptions

Several assumptions were made regarding the execution and

interpretation of the study. These were:

Stratified random assignment of students to treatment

groups insures that all groups are equal in all ways

that are critical to the study.

2. The extra-experimental influences will be the same on all

treatment groups, i.e., the four experimental and one

control.

3. If differences between the treatment groups as indicated

by the criterion measure do exist, they are attributable to

the differential effects of the experimental conditions.

4. The experimental conditions vary only on the dimensions

indicated.

14
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Chapter II

Procedures

Two pilot studies were carried out prior to the execution of

this, the main study. The first pilot study utilized 10 children

from the University apartment complex, and the objectives were to

evaluate the readability of the instructional and test materials and

to determine the time needed by students to complete each of the

materials. The second pilot study, which used 30 seventh grade

students, was conducted in Thomas Jefferson Junior High School in

Dade County, Florida. This pilot study led to further refinement

of the wording of portions of the instructional materials and

test questions, the deletion of certain test items, and the deter-

mining of efficient methods for handling classroom procedures. As

a result of the preplanning and of the experience gained through the

two pilot studies, the execution of this the main study, proceeded

very smoothly.

The Sample

The sample for the study came from a regional school district

in a suburb of Camden, New Jersey. The three communities composing

the regional school district have a combined population of approximately

20,000 . In the past 10 years these communities have had a continuous

growth of housing tracts, shopping centers, and schools characteristic

of a rapidly expanding suburban community. Employment representation

within the communities favors bluA-collar and white-collar workers, with

a modest representation from the professional ranks.



The junior high school (grades 7, 8, and 9) in which the study

was conducted has a student population of approximately 900. There

were 14 seventh grade class sections with an average of 24 students per

section. Eight of the 14 class sections were randomly chosen to partici-

pate in the study. Complete data was obtained from 193 of the 196 stu-

dents in the eight class sections (See Table 1).

These sections were taught science one period a day (42 minutes),

five times a week, at five different periods of the seven-period school

day. For ease of explanation, the class sections will be referred to

by the numbers cne through eight.

The execution of the study involved four male science teachers,

each of whom taught two of the class sections. The teachers were each

given an honorarium for cooperating in the study. All of the teachers

are certified by the state of New Jersey to teach science in the

seventh grade. Three of the teachers hold master's degrees and are

tenured in their positions, and one teacher holds a bachelor's degree

and will be eligible for tenure in the 1970-71 school year.

Table 1

Number of Boys and Girls in Class Sections

Class
Section

Number
of Boys

Number
of Girls

Total

1 12 14 26

2 12 10 22

3 12 9 21

4 14 11 25

5 17 10 27

6 10 12 22

7 12 12 24

8 11 15 26

100 93 193



Prior to the execution of the study, the boys and the girls in

each of the class sections were randomly assigned to one of five

groups. Each of the five groups was composed of approximately equal

numbers of boys and girls from each of the eight class sections.

Table 2 contains the number of students from each of the class sections

in each of the groups, and the total number of students in each group.

Following the establishment of the five groups, each group was randomly

assigned to receive one of the experimental treatments.

Table 2

Number of Students of Each Treatment from Each Class Section

Class Treatment Groups Total
Section 1 2 3 4 5

1 4 5 6 4 7 26

2 4 5 5 3 5 22

3 5 3 5 4 4 21

4 4 4 5 7 5 25

5 6 7 5 4 5 27

6 5 5 3 5 4 22

7 5 4 6 5 4 24

8 6 5 5 5 5 26

193

Number of 21 IR 20 19 20
Boys

Number of 18 20 20 18 19

Gi!'ls

Total Number
Per Treatment 39 38 40 37 39

Group



In the spring of 1969, the students of the sample completed the

Henmon-Nelson Test of Mental Ability (form G). These I.Q. scores were

obtained by the investigator from the permanent record folders of the

students. The mean I.Q. for the students in the sample was 108.6 and

the standard deviation was 10.8. This mean was approximately one half

a standard deviation abcve the national mean for this test. This tends

to characterize the students in the sample as being somewhat higher in

mental ability than average students across the country. The means and

standard deviations of I.O. for the students in each of the treatment

groups appears in Table 3. A single-classification analysis of variance

was performed. The results were:

F = .22

Degrees of Freedom 0. 4 and 188

Probability (P < .9)

Fo significant differences were found between the means of the mental

ability test measures for the five treatment groups.

Table 3

Means and Standard Deviations of I.Q.'s for Students in Treatment Groups

Treatment Groups All Groups
Combined

1 2 3 4 5

Means 108.3 108.9 107.7 108.2 109.8 108.6
Stand. Dev. 10.9 10.6 10.8 11.0 11.1 10.8

Development of Instructional Materials

The design of the study required that one treatment group act as

the control group and the four other treatment groups act as the exper-

imental groups. The instructional materials were the same for each of the
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four experimental treatment groups. Materials to produce verbalization

were interspersed at the same points in the instructional materials for

each of the experimental treatment groups. The materials were of a

given degree of complexity for any oni treatment group, but of different

degrees of complexities for different treatment groups. Treatment group

one acted as the control, and underwent neither instruction nor question-

ing. Treatment group two had instruction without questioning and read

explanations of the subject content relevant to the questions asked

treatment groups three, four, and five. Treatment groups three, four,

and five responded to auestions dealing with the same subject topics but

of different complexities (See Figure 1).

Figure 1

Experimental Design for the Use of Instructional
and Treatment Materials

Treatment
Groups

Training
(Instructional

Materials)

Treatment

1 2 5
.

None Each of these groups received the
same instructional materials

, .

None

-

Read
explan-

ations

Least
complex
questions

.

711.1
More
complex
questions

Most
complex

ouestions

_

The instructional materials for the study were a modification of

Chapter 9 of the Mechanics Unit by TEMAC Programmed Learning Materials,

which is entitled Levers: Moment of Force, Clockwise and Counterclockwise

Rotation. Conditions of Equilibruim (Fncyclopaedia Britannica Press, 1964).

One of the program modifications involved the changing of all measure-

ments from the metric to the British system, and a second modification

I Q



involved placing the correct answer in the response blank for each

frame. By having the correct response in the blank of each frame,

students were required to overtly respond (verbalize) only to ques-

tions of the experimental treatment. This was a method of attempt-

ing to insure that any differences that appeared in achievement at

the conclusion of the instructional sequence would be due to the

experimental treatment alone. The third modification involved the

placement of questions to produce verbalization at every 20th

(approximately) frame. The questions were placed at points in the

instructional materials that the investigator considered "natural

breaks". These were points where the instruction materials changed

from one topic area to another. The minimum number of frames

between questions was 14 and the maximum number of frames between

questions was 28. The programmed instruction materials contained

250 frames with questions placed at 13 points in the materials.

A panel of five experts in the field of education evaluated

the questions that were used following the segments of instruction

of the experimental treatment groups. The qualifications of the

experts appears in Appendix A. Each expert independently assessed

whether the questions Sid, in fact, differ in complexity, meet the

criteria set down in the definitions, involve subject content rele-

vant to the preceding segment of instruction (content validity),

and maintain a seventh grade reading level. Pilch expert was given

two seta of questions (three questions per set - one question

per treatment group) that could be used to follow each of the 13

segments of instruction, tie definitions for question complexity,
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and the subject content that preceded each set of ouestions. iwen-

dix 13 contains a set of the instructions that were given to the

judges.

Three or more of the five experts agreed that all but one of

the sets of questions met the preset standards on the complexity,

validity, lnd reading level (See Appendic A). The one unacceptable

set of questions was modified, resubmitted to the experts, and

found to meet the criteria.

The experts evaluated 26 sets of questions. The questions in

the pairs of sets were essentially parallel forms dealing with the

same content. One set of questions, of the two sets evaluated to

be used following each segment of instruction, was randomly chosen

to be used as a part of the instructional materials. Portions of

the remaining sets of questions were used as a part of the final

evaluation of relevant subject content. The final draft of the

instructional materials, with the questions of each of the complex-

ities interspersed, appears in Appendix C. Note that the instruc-

tional materials used by an individual student contains questions

of a single complexity, and not of all complexities as appears in

the appendix.

The format of the instructional materials was the same for the

students in each of the four experimental treatment groups. Each

question was printed on a single sheet of paper. The questions for

each treatment group were then collated into the pages of the pro-

grammed instruction materials that were common to all treatments.

The questions for treatment groups three, four, and five were



printed on one side of a page with the correct answers printed on

the reverse side. The correct answer to each question was preceded

by an explanation of the reasoning used to obtain that answer. The

explanation also included the reasoning used to obtain the answers

to the questions found at the same point in the instructional mate-

rials for the two other treatment groups who answered questions.

Treatment group two did not answer questions, but did read the

explanations of how answers were derived for the questions of treat-

ment groups three, four, and five. This technique of having all of

the experimental treatment groups who received instruction read the

same combined explanation was a method of equalizing the amount of

information given all groups.

Development of Evaluation Instruments

Two achievement tests and one science content paragraph compre-

hension test were developed and used as a part of the study. Both of

the achievement testa were 25 item multiple choice type tests. One

of the tests (Test I) tested achievement on relevant subject content.

The items for the test were rariomly selected from the sets of items

judged by the panel of experts that were not used in the instructional

materials. The second achievement test (Test II) tested incidental

content achievement. The items for this teat dealt with the topics

of the programmed instruction material not covered by the questions

that had been developed and interspersed in the programmed instruc-

tion materials. The content validity of these questions was estab-

lished by a panel of five seventh and eighth grade science teachers.
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The members of the teacher-panel were given a set of the instruc-

tional materials, the questions, and were asked, "Can seventh grade

students obtain sufficient information from this programmed instruc-

tion sequence to answer these questions?" (See Appendix E.) The

members of the panel independently evaluated each question. Each of

the questions used on the test was seen as acceptable by at least

four of the five penal members.

The items for the science content paragraph comprehension test

were taken directly from the paragraph comprehension sections of

Stanford Achievement Tests. The items were taken from alternate forms

of the Intermediate II and the Advanced test batteries. All items

used involved the physical, biological, or earth sciences. A total

of 50 multiple choice items were used in the test. (See Appendix F

for copies of all tests.)

Design

Three weeks (five school days per week) were needed for the exe-

cution of the study. Two of the three weeks were used in preparing

students for the study (pre-experimental treatment), and one week was

used for the experimental treatment and data collection. Students

were not informed that they wera participating in an eyperimental study,

but instead were told that they were "trying out" some new instructional

materials. They were told that the grades they earned would count to-

ward their Marking period grade and that they should work as conscien-

tiously as possible.

The investigator was present in the school for the last two of the

three weeks to coordinate the activities of teachers and students, and
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to collect and distribute the experimental materials. Students

inquiring as to the investigator's presence were told that he was

responsible for the trying out of the new instructional materials.

Prior to the study, the cooperating classroom teachers were

given a set of instructions that described the students' and teachers'

parts in the study (See Appendix D). The instructions included a

timetable of classroom activities and the behaviors expected of

the teachers during each of the classroom activities. The teachers

were not told the hypotheses or objectives of the study until all

of the data had been collected.

The execution of the study was dependent upon the students'

ability to work with linear programmed instruction materials. In

the first two weeks of the study (pre-experimental treatment), all

students in the sample worked in Encyclopaedia Britannica Educa-

tional Corporation's programmed text in astronomy. The purpose of

this two weeks' work was to give students experience at working

with programmed instruction materials. Executing the study without

this introduction to programmed instruction would have introduced

another variable to the experimental situation that may have had a

confounding effect. in interpreting the outcomes of the study. On

the last class day of the pre-experimental treatment, all students

in the sample were given an astronomy test. The test covered the

subject content of the first two chapters of the programmed astronomy

text. The test grades were not used as a part of the study, but only

to insure that all students in the study had the same pre-experimental

treatment.

24
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On the tenth class day, a Friday, the students in the sample

completed the science content reading comprehension test. They

were given the entire science class period (42 minutes) in which

to complete the test. Neither the teachers nor the students were

given the results of this test.

The experimental treatment began on the eleventh class day - a

Monday. For the first three days of the experimental treatment, the

students in each class who had been randomly assigned to treatment

group one (the control group) were sent to the library to continue

working in their programmed astronomy texts. On the fourth and

fifth days of the experimental treatment, the students from treat-

ment group one returned to their respective science classes to

complete the two achievement tests.

The students who had been randomly assigned to treatment groups

two through five in each of the eight science classes worked on the

experimental instruction material in their assigned classrooms during

their regular science period. That is, some of the students from

each of the eight science classes were working in each of the four

treatment groups. Students in the science classrooms were not per -

:witted to talk or move about.

The science teachers maintained an accounting cf the amount of

time each student worked on the instructional materials of the study.

Teachers noted the time when the classes of students began working

and finished working each period. If a student left class or was

otherwise interrupted from his class work, the teacher noted the

number of minutes and subtracted this from his total work time for

the day. If a student completed his work prior to the end of his
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last class period, his working time for that day was noted.

It was expected that an average seventh grade student would not

spend all of his class time working uninterruptedly on the instruc-

tional materials. The investigator, in his classroom visits, saw

students who occasionally looked up from their work, looked around

the room, and then returned to their work. This was a type of "break"

that students took from the instruction. Nothing was said to students

taking this type of "break", but students who tended to "daydream"

(unnecessarily long breaks) were instructed to return to their work.

The stimulus used to have "daydreaming" students return to work took

the form of a softly spoken personal conversation rather than a repri-

mand that may have affected the performance of that student or other

students in the class.

Students were not permitted to remove the instructional materials

from the classroom. This procedure insured a more accurate rccounting

of individual student working time, reduced the probability of students

interacting with others on the subject content, and reduced the probabil-

ity of outside influences entering into the experimental outcome.

Following the completion of the instructional materials, each

student - including the control group - completed the two achievement

tests. Test number one was on relevant subject content and test number

two was on incidental content. Students were free to take as much time

as they needed to complete the two tests. To insure against the possi-

bility that taking one teat might serve as a learning experience and

thus influence scores on the second test, the order in which the tests

were taken was reversed for half of the classes. That is, class sec-

tions one, three, five and seven took test one followed by toot two
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and class sections two, four, six, and eight took the tests in the

reverse order. Following the administration of the two tests, the

science teachers returned to their regular curriculum materials.

The investigator and a science teacher evaluated the verbal

responses (written answers) made by students to the questions that

were interspersed in the programmed instruction materials. The

science teacher had no knowledge of the objectives of the study,

did not know the students involved in the study, and except for

evaluating student responses, the investigator and the science

teacher read each question with its accompanying feedback and cor-

rect answer, and discussed what minor modifications of the stated

answers they would accept as a correct answer. Since many of the

questions required mathematical or scientific answers, there was

little ambiguity as to what was an acceptable, correct answer. The

investigator and the teacher independently evaluated each student's

responses and the correlation (product moment) between the scores of

their evaluations was .97. Following the initi:11, independent evalua-

tions of the responses, the investigator and

reevaluated those responses on which they had

Both of the evaluators found that they had mi

students' responses. The score obtained for

the joint reevaluation of questions on which

initially agree was the one used in the datz[

The investigator collected all instruct

Student responses on tests were key punched,

scored. Figure 2 lists the treatment given ,

from the students in each of the treatment gr(

trier collectively

rally disagreed.

2c1 some of the

student following

valuators did not

is of the study.

iterials and tests.

ed, and machine
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Treatment
Croups

Training

Treatment
(questions to
produce verbali-
zation)

Error Count
(number of errors
made in verbal
responses)

Tests

Covariate

Time

Figure 2

Experimental Design

1 2 3 4 S

None Each of these groups will receive
the same instructional materials

None None Least
complex

More
complex

Most

complex

N.A.* N.A.* Error
count

Error
count

Error
count

I. Test on relevant subj. content.

II. Test on incidental subj. content.
Both tests were administered to all groups.

All groups were given a reading test that acted
as a covariate in the statistical analyses.

N.A.* The amount of time taken by students to
complete the instruction materials was
recorded.

*N.A. not applicable in this treatment.



Chapter III

Statistical Analyses

Item Analyses and Test Reliabilities

Guertin (1965) has suggested that a total test score, which is

made up of contributions from all the individual items of the test,

tends to suffer from "anemia" (p. 376). That Is a portion of the

total score variance of a test is made up of a number of components

other than those originally intended to be a part of the test.

"Total score is composed of: variance due to many smaller group-

factors scattered among the test items, to unique factors measured

only by a single item, and unreliability (Guertin, 1965, p. 376)."'

Richardson (1936) has shown that the correlation between a test item

and the composite score for a test "gives an indication of the extent

to which the item measures what the test as a whole measures (p. 71)."

Richardson (1936) continues by stating that the rejection of items

that have a relatively low correlation with the composited test

score raises the average intercorrelation of the remaining items and

develops a test of higher reliability. Flynn (1969) developed an

algorithm for use with a computer that was based on the work of

Guertin, Richardson, and others (Kuder and Richardson, 1937) in

the field of item and test reliability. Flynn's program allows an

investigator to evaluate the correlations between each of the test

items and the composite score, and to delete those items having low

correlations with the composite score. The resultant test contains



fewer items than the original test, tends to have a higher reliability

coefficient, and contains items that tend to measure student ability

in the same subject area. Following the deletion of test items, the

program treats those items that were deleted as a new test to deter-

mine whether the deleted items, in fact, measure a characteristic of

the subject content different from the test from which they were

deleted. The program grades each student's responses, calculates

the number and percentage of students making correct responses to

each item, calculates the correlation (point biserial) between each

item and the total test score, and calculates the Kuder-Richardson

(20) (Kuder and Richardson, 1937) reliability fo.: the test. After

completing these calculations, the program then, identifies the low?st

item-composite correlation, eliminates this item from all subjects'

scores, and repeats the above calculations for what may be considered

a new test having one less item than the original test. The item

elimination process is terminated when preset criterion values for

the item-composite correlation or the Kuder-Richardson (20) reliabil-

ity coefficient is reached.

The item analyses and reliability coefficients for each of she

three tests (Reading, Test I, Test II) were calculated using the

responses of all students in the sample (N-193). The equation

[Kuder-Richardson (20)] used to calculate the reliability was:

2
rn = n at Epa

n-1 g

2
at

where n is the number of items in the test, at is the variance of

the scores on test t, Epq is the sum of the item variances, and



Table 4

Items Retained Following Item
Analysis of Reading Test

Item r

Percent
Correct Item r

Percent
Correct

1 0.25 55. 26 0.31 60.

2 0.37 91. 27 0.41 67.

3 0.37 86. 28 0.37 78.

4 ***** 29 0.30 48.

5 ***** 30 *****

6 0.30 52. 31 0.50 60.

7
***** 32 0.31 64.

8 0.37 71 33 0.37 66.

9 0.28 48. 34 0.37 31.

10 0.29 40. 35 0.33 48.

11 0.42 68. 36 0.37 64.

12 0.36 87. 37 0.43 66.

13 0.34 47. 38 0.45 73.

14 0.40 67. 39 0.27 78.

15 0.41 41. 40 0.41 76.

16 0.39 84. 41 0.39 54.

17 0.39 62. 42 0.31 45.

18 0.43 66. 43 0.48 85.

19 ***** 44 0.37 83.

20 0.37 ,50. 45 0.42 86.

21 0.39 77. 46 0.37 90.

22 0.25 27 47 0.49 73.

23 0.27 86. 48 0.45 80.

24 0.31 64. 49 0.46 70.

25 0.35 63. 50 0.42 70.

***** Indicates the item has been eliminated
as a part of the item analysis.
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Table 5

Items Retained Following Item
Analysis of Achievement Test I

Percent

Item r Correct

1 0.47 33.

2 0.34 29.

3 0.33 55.

4 0.43 86.

5
*****

6 0.37 43.

7 0.33 36.

8 0.37 79.

9 0.33 53.

10 0.45 74.

11
*****

12 0.36 46.

13 0.56 71.

14
*****

15 0.36 55.

16 0.36 65.

17
*****

18 0.40 40.

19 0.40 63.

20
*****

21
*****

22 0.46 75.

23 0.37 45.

24 0.42 74.

25 0.34 72.

***** Indicates the item has been eliminated

as a part of the item analysis.
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Table 6

Items Retained Following Item
Analysis of Achievement Test 2

Item

Percent
Correct

1 0.49 55.

2 0.47 65.

3
*****

4 0.50 58.

5 0.41 67.

6 0.39 45.

7 0.25 57.

8
*****

9 0.53 55.

10 0.40 39.

11 0.48 57.

12 0.37 47.

13
*****

14 0.43 51.

15
*****

16 0.48 45.

17 0.46 46.

18
*****

19 0.50 72.

20 0.33 60.

21
*****

22 0.33 37.

23
*****

24 0.35 59.

25 0.36 42.

***** Indicates the item has been eliminated

as a part of the item analysis.
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rtt is the reliability coefficient of test t. Tables 4, 5, 6, and

7 contain the information pertaining to the outcome of the item

analyses. Although it was not the criteria for rejection of items

from the test, the proportion of students getting each answer correct

was also reported. A point-biserial correlation cutoff value of .25

was used in rejecting test items. That is, items having a correlation

with the composite score of less than .25* were eliminated.

Table 7

Kuder-Richardson Coefficients for the
Reading and Achievement Tests

Reading Test 1 Test 2

N 193 193 193

Initial Number
of Items in Test .50 25 25

Final Number of 45 19 18
Items in Test

Mean of Final Test 29.6 10.8 9.8

S.D. of Final Test 7.5 4.1 3.6

K.R. R for Final Test .88 .77 .79

Hypothesis Testing

The boys and girls in each of the eight science classes were

assigned to work in one of five treatment groups. The students worked

independently - without the aid of the classroom teacher or other

students - and at their own rates.

The student responses in each of the five treatment groups were

gathered from eight different science classes (See Table 2). This

* Point biserial correlations of .25 or more with a sample of this
size have a chance probability of less than .01.
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pooling of student responses from different classes to form treat-

ment groups tended to make the analyses less sensitive tc differ-

ences that may have arisen as a result of an individual teacher,

classroom, or class period of the school day and more sensitive to

the experimental treatment. The number of students in treatment

groups one through five were 39, 38, 40, i7, and 39 respectively.

The analysis of the data for the first nine hypotheses was per-

formed with a computer program designed to perform multivariate (two

or more criteria) and univariate (single criteria) analyses of

variance and covariance (Clyde, Cramer, and Sherrin, 1966). For

three of the hypotheses (H1, H4 147), the analysis was a multivar-

iate analysis of covariance which used relevant and incidental

content achievements as the criteria, and science content reading

achievement as the covariate. The multivariate test of significance

with the computer program used Wilks' lambda criterion and Rao's

F test approximation.

Table 8

Means and Standard Deviations

Treatment
Group

of Criteria and Covariates

Relevant Incidental Reading

1 Mean 6.8 6.4 28.7

S.D. 2.4 2.4 8.3

2 Mean 8.6 9.4 31.0
S.D. 2.7 3.2 6.7

3 Mean 10.7 10.0 27.8
S.D. 3.3 3.3 7.7

4 Mean 13.0 11.1 30.5

S.D. 2.8 3.0 6.5

5 Mean 14.9 12.4 30.3
S.D. 3.1 3.0 7.8
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The matrix of contrasts for the three multivariate hypotheses

was:

H1 = 0.0 -3. -1. 1. 3.

H4 = 1. -1. 0.0 0.0 0.0

H7 = 0.0 3. -1. -1. -1.

The rows of the matrix represent the contrasts or comparisons, and the

columns represent the treatment groups. Since the sum of the products

of the elements in any two of the rows does not equal zero, the con-

trasts are not orthoginal or independent; i.e., for HI and 114

(0.0) (1.0) + (-3.0) (-1.0) + (1.0) (0.0) + (3.0) (0.0) 0.0

This relationship also holds true for H1 and H7, and H4 and H7. Since

these contrasts or comparisons are not independent, it follows that

they are retesting at least a portion of the same variance. When

repeated tests of significance are made between the same variances or

combinations of the variances, the probability value associated with

all of the tests except the first is dubious or open to question

(Winer, 1962; Hays, 1966). The reasoning behind the Question is that

an investigator testing 20 non-significant relationships would expect

one of the 20 tests to be significant at the .05 level by chance alone.

The first and most important hypothesis of the study (H1) was tested

first, and the probability value associated with the test was reliable.

The other two multivariate hypotheses (H4 and H7) were then tested.

The F values associated with these two tests were reported, and were

discussed in light of the findings of H1.

The first hypothesis was tested using an equally spaced linear

trend in a multivariate analysis of covariance. The analysis tested
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the linear trend of the amount of change of achievement per unit

change of complexity. The linear trend was tested across treat-

ment groups two, three, four, and five, and the differences in

the complexities of treatments were assumed to be evenly incre-

mented. The results of the test for H
I

were:

F = 62.2

Degrees of freedom . 2 and 148

Probability P < .01

The second and third hypotheses (H2 and H3) were a subset of

H1 and used a univariate analysis of covariance. The second hypoth-

esis (H2) tested the linear trend of the amount of change of

relevant achievement per unit of complexity, and the third hypoth-

esis (U3) tested the linear trend of the amount of change of inci-

dental achievement per unit of complexity. Tables 9 and 10 contain

the information pertaining to the testing of these hypotheses, ,nil

Figure 3 is a graph of the means of the two achievement variables

versus complexity for the four treatment groups.

Treatment
Group

Table 9

Means and Significance Test
Information for H

2

2 3 4 5

Adjusted
Mean 8.4 11.2 12.9 14.8

Unadjusted
Mean 8.6 10.7 13.0 14.9

38 40 37 39

F = 124.6
Degrees of Freedom = 1 and 149
Probability P<.01
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Figure 3

Graph of Adjusted Means of Relevant and Incidental Achievement
Versus Complexity

Achievement

(means)

14

13

12

11

10

9

8

7

6

2 3 4 5

Treatment Groups
(Complexities)

. = relevant achievement means

X = incidental achievement means

I= standard error of the mean
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Table 10

Treatment
Group

Means and Significance Test
Information for H3

2 3 5

Adjusted
Mean 9.2 10.4 11.0 12.3

Unadjusted
Mean 9.4 10.0 11.1 12.4

38 40 37 39

F = 23.75
Degrees of Freedom 1 and 149
Probability P<.01

The fourth hypothesis (H4) was tested using a two-group

multivariate analysis of covariance. The tdo achievement scores

were used as the criteria and the reading score as the covariate.

The comparison was between treatment groups one and two and was

a test of the effect that the programmed instruction materials

had on the learning (achievement) of the subject content: that is,

was there any difference in the achievements of the two groups of

students when one group had no instruction and the other group had

the programmed instruction? An F value of 9.85 with 1 and 74

degrees of freedom was obtained. Had this two-group comparison

been orthoRinal to the other comparisons, the probability value would

have been P < .01.

The contrast for Ni tested for differences between the achieve-

ment of treatment group two and the average achievement of treatment

groups three, four, and five. The question asked ...as: Did



differences exist between the achievement of two groups of students

when both groups experienced the same programmed instruction sequence

but one group responded (verbalized) to questions interspersed in the

programmed instruction? Thirty-eight students (group two) exper-

ienced only the programmed instruction and 116 students (groups

three, four, and five) experienced the programmed instruction with

Questions interspersed. An F value of 45.7 with 1 and 151 degrees

of freedom was obtained. Had this test been made independently of

the other tests, the probability value would have been P < .01.

For discussion purposes, additional information relevant to H8 and

148 was obtained from Tables 2 and 3 and Figure 3.

The regression eauations developed to test Hio and Hil were,

by Scheffe's (1959) definition, an analysis of covariance. The

tenth hypothesis (H10) tested the relationship between the number

of errors made in responding to the questions interspersed in the

subject content and relevant subject content achievement, and Hil

tested the relationship between the number of errors made in respond-

ing to the Questions interspersed in the subject content and inci-

dental subject content achievement.

The questions used to test Hio and HI' were of the same mathe-

matical form with the appropriate variables substituted into the

equations to test the hypotheses. The eauations and procedures

used were those described by Ward and Bottenberg (1963) for use

when the covariate (achievement) nay be affected by the treatment.*

h The regression equations and their associated significance tests
were completed using a computer program developed by Veldman (1967),
with modifications as suggested by Love (1968).



The three equations used were:

Equation 1 Y = B3) + 1340 + B5A)+ E6) + B70+ B80 + e

Equation 2 Y = B3k14 + B4XIN + BsgI + B9P + e

Equation 3 Y = B111 + B90 + e

B's = Standardized regression coefficients developed by the
computer to minimize the value of e, the error term.

Y = criterion vector, of dimension n(n
3
+ n

4
+ nc: n

3
= number

of students in treatment group 3; n4 = number of students
in treatment group 4; ns = number of students in treatment
group 5) which has as its elements the number of errors
made in responding to the interspersed questions.

0 = 1 if corresponding element in Y is from a student in
treatment group 3, and 0 otherwise.

= 1 if corresponding element in Y is from a student in
treatment group 4, and 0 otherwise.

= 1 if corresponding element in Y is from a student in
treatment group 5, and 0 otherwise.

Z = achievement score vector. Incidental achievement in

equations used with H10 and relevant achievement in

equations used with HII.

m = mean achievement of students in treatment group 3.

H1, H11 = 10.75.1005H10

m
4

e mean achievement of students in treatment group 4.
H
10
= 11.16, H

11
= 13.05

ms
0 mean achievement of students In treatment group 5.

1110
12.41, Hil = 14.92

. - m301 ), a vector which has as elements the
differences between the mean achievement score for
treatment group 3 (m 0 ) and achievement scores of
students (X *Z) who were in treatment 3; and 0 for
students in treatment groups 4 and 5.



76/' = (P. *2 - mOOP ), a vector which has as elements the

differences between the mean achievement score
for treatment group 4 (n14)d ) and achievement
scores of students (XIN *2) who were in treatment
4; and 0 for students in treatment groups 3 and 5.

= (X5, *Z m
5
k5) ), a vector which has as elements the

difference between the mean achievement score for
treatment group 5 (m50 ) and achievement scores
of students (565, *2) who were in treatment group 5;
and 0 for students in treatment groups 3 and 4.

)69 = )66 + k7 + e

U = X4 + + )00 , a unit vector.

A two-step procedure was used in testing both Hlo and TheThe

first step tested whether the amount of change in making errors per

unit change in achievement was the same for all three treatment groups.

Equation 1 was used as the full repression model. By letting B6 = B7 =

B = C (a constant) in equation 1, equation 2 was obtained and served

as the reduced regression model. The results of the two tests appears

in Table 11 and indicates that the amount of change in making errors

per unit change in achievement (both relevant and incidental) was not

significantly different, over the range of measured scores, for all

three treatment groups. This is better known as homogenity of regression.

The second step of the procedure was carried out after it was deter-

minedthat there was homogenity of regression. The second step tested

whether the regression lines, shown in the preceding test to be parallel,

were coincident. Fquation 2 was used as the full regression model. Let-

ting 83 = By Hs = 0 (zero) in equation 2, equation 3 was obtained and

served as the reduced regression model. The results of this test appear

in Table 12 and indicate that the regression lines are not coincident.

The mean number of errors made tiy students in each of the treatment



groups appears in Table 13, and a graph of the mean number if errors

made by students versus the mean achievement (relevant and incidental)

for students in each of the treatment groups appears in Figures 4 and 5.

Table 11

lest of Homogenity of Regression for
11
10

and H
11

1'10 1111

R Squared, Full Model .4559 .4513

R Squared, Reduced vodel .4556 .4503

R. Snuared Difference .0003 .0010

F Ratio .027 .109

Degrees of Freedom 2 and 110 2 and 110

Probability P < .97 P < .89

Table 12

Test of Coincidence of Parallel Regression
Lines for P

10
and H

11

H
10

H
11

R Squared, Full Model .4556 .4503

F Squared, Reduced Model .1048 .0881

R Squared Difference .3508 .3621

F Ratio 36.09 36.89

Degrees of Freedom 2 and 112 2 and 112

Probability P < .01 P < .01



Table 13

Number of Errors Made in
Responding to Questions

Treatment Group 3 4 5

Mean Number
of Errors 2.8 4.6 7.2

Standard
Deviation 2.0 2.9 2.7

Figure 4

Graph of Relevant Content Achievement Versus the
Number of Errors Made in Verbal Responses
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Figure 5

Graph of Incidental Achievement Versus the
Number of Errors Made in Verbal Responses
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for Gros.ps 3, 4, and 5. 14
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+a standard error of the mean

The amount of time that was taken by the students of treatment groups

two, three, four, and five was measured. The means and standard devia-

tions of the times for each treatment group appears in Table 14. To

test p12, a single classification analyses of variance was performed

with this data. The results were:

F Q 5.56

Degrees of Freedom 3 and 150

Probability P < .01

A graph of the time taken to complete the instructional materials versus

the complexity of questions appears la Figure 6.



Table 14

Time Needed to complete
the Instructional Sequence

Treatment Group 2 3 4 5

Mean 63.7 76.6 73.9 78.4

Standard 15.5 22.1 13.5 16.1

Deviation

N 38 40 37 39

F 5.56
Degrees of Freedom = 3 and 150
Probability P < .01

Figure 6

A Graph of the Time Taken to
Complete the Instructional Materials
Versus the Complexity of Ouestions
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Chapter IV
Discussion and Conclusions

Experimental Design

The experimental design was developed: (1) To measure those vari-

ables that were related to the hypotheses (relevant and incidental

achievement, time taken to complete the instructional materials, and

errors made in verbal responses); (2) To measure and statistically

control for a variable (reading ability), and; (3) To gather the

data so that error variance had a chance of occurring with equal

probability in all treatment groups. Other variables, such as

student interaction or student-teacher interactions which may have

biased the experimenta outcomes, were looked for by the investigator

in his classroom visits and in his conversations with the teachers.

No potentially biasing or otherwise disruptive events were detected

by the investigator. Therefore, it is assumed that none occurred,

or if they did occur, that they affected each of the treatment groups

equally.

Reliabilitv and Validity of the Measuring Instruments

Three tests were developed by the investigator for use in the study.

Initially, the two achievement tests each contained 25 items and the

reading test contained 50 items. The item analysis procedure used with

the student responses on the tests reduced the number of items in the

tests to 18, 19, and 45. This procedure resulted in three tests, each

of which was composed of items that were significantly correlated with

the composite score for that test. This meant that the items retaine

1_ 1



following the item analysis were related in that they measured student

ability in essentially the same subject or ability area. Those items

that were deleted from the tests had low correlations (r < .25) with

the composite scores and tended to measure some characteristic of

the subject matter other than what was measured by the final test.

When items are deleted from a test, there is a possibility that a

specific student ability or knowledge that was measured only by a

deleted item goes unmeasured. The probability of deleting an item

that measures a unique ability or knowledge that is independent of

the other knowledges or abilities measured by the test appears low

if one considers the interrelatedness of the concepts involved in

the subject content and reading materials of the study.

The item deletion process of the item analysis can also be viewed

in another way. For each of the three tests, as the items having low

correlations with the composite score were deleted, the reliability

coefficient for that test increased. The process of attempting to

increase the value of the reliability coefficient of a test is con-

sistent with good test development (Guilford, 1965) in that it reduces

the portion of the total test score variance that is error variance.

When the deleted items from each test were treated as a new test and

reanalyzed, the resulting reliability coefficients were low (R < .2).

This indicated that none of the testa contained subtests or sets of

items that measured a common characteristic that had been removed

from the original test :n the item elimination process.

The Effect of the Covariate in the Analyses.

The first nine null hypotheses of the study required the use of
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a covariance statistical design. The covariate measure used in the

analyses was the science content paragraph comprehension. This type of

statistical design meant that the results of the analyses should be

interpreted as though the students in each of the treatment groups could

read and interpret science content equally well - as measured by the

science content paragraph comprehension test. This statistical design

was used to control for differences in reading ability which avoided

problems that may have arisen in interpreting the results of the study.

Each student's performance in the study was highly dependent upon his

ability to read and interpret science subject content. If, by chance,

the students in one of the treatment groups was able to read significantly

better than the students in another treatment group, and reading ability

was not statistically controlled for, the interpretation of differences

in achievement would have been difficult, if not impossible, to interpret.

The adjustment made in the criterion scores as a result of the co-

variate score was so small that when one of the statistical tests (14
1
)

was completed, both with and without the covariate, the results of the

analyses were significant at the same level. The amount of adjustment

made in a criterion score by a covariate is a function of two numbers

(Snedecor, 1962). The first number is the raw score regression coeffi-

cient for the criteria regressed on the covariate (.217 for relevant

achievement and .109 for incidental achievement). The second number is

the difference between the grand mean of the covariate scores and the

mean covariate score for the cell in which the criteria are being

adjusted. The enoation used was:

Yadj = Ye - g (X9 - Ye)
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Table 15

Group Means Associated With H4

Treatment Group 1
(Did not work with
programmed instruction)

Treatment Group 2
(Worked with programmed
instruction)

Adjusted mean
on incidental
achievement

6.66 9.12

Adjusted mean
on relevant
achievement

6.69 8.68

N 39 38

The statistical test for H
4
was not independent of the other

statistical tests of the study. Therefore, the probability value

associated with the test for H
4
was not representative. Based on

the magnitude of the F-ratio and the magnitude of the differences

in the means of the criteria, the null hypothesis that there was no

difference in the achievements of the two groups was rejected. The

alternate hypothesis that the trectment group that completed the pro-

grammed instruction materials (Group 2) had significantly higher

achievement (relevant and incidental) than the group that did not

complete the programmed instruction materials (Group 1) was accepted.

The rejection of H
4
was not unexpected. The programmed instruc-

tion materials, with the exception of the changes introduced by the

investigator, were developed and published by a reputable company

(Encyclopaedia Britannica Press) for use by seventh grade students.
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where,

Y
adj = adjusted cell mean of the criterion score for cell c.

Yc = unadjusted cell mean of the criterion score for cell c.

B = raw score regression coefficient.

Xg = grand mean of covariate scores.

X
c = mean score of covariate for cell c.

The grand mean of the covariate scores (reading) was 29.67. The cell

mean scores of reading were relatively uniform (see Table 8) and small

differences existed between each of the cell means and the grand mean.

The small differences between the cell means and the grand mean and the

low value of the regression coefficients resulted in small adjustments

in the cell means of the criteria (see Tables 9 and 10). The covariate

was a necessary precaution, although not needed in the final analyses.

The Hypotheses

The hypotheses will not be discussed in the order in which they

were stated'or tested. The investigator believes that a more meaningful

interpretation of the hypotheses may be obtained by first discussing H4

and H7 which dealt with the overall affects of the experimental treat-

ment and training, and then discussing H1, H2, H3,
H10 1111, and H12

which contain more specific information on the effect of the experimental

treatment.

The fourth hypothesis (H4) was a test of the effect on achievement

of completing the programmed instruction materials. The F-ratio for

the sLaLloLical test was 9.65 and the mean values for the two criteria

measures appear in Table 15.
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Since the instructional materials are used elsewhere in similar

educational situations to raise student achievement levels, there

is little reason to believe that these same materials would not

raise achievement levels in the environment of this study.

The object of H7 was to determine whether students who expe-

rienced both the programmed instruction and the auestions had achieve-

ments (relevant and incidental) that were significantly different

than students who experienced only programmed instruction. The

F-ratio associated with the statistical test was 45.76, and the

mean achievements for the two treatments are shown in Table 16.

Table 16

Group Means Associated With H7

Treatment Group 2
(Programmed instruction
only)

Treatment Groups 3,4,& 5
(Programmed instruction
and questions)

Adjusted mean
on incidental
achievement

9.22 11.27

Adjusted mean
on relevant
achievement

8.45 12.98

N 38 116

The statistical test for H
7
was not independent of the other

statistical tests of the study, and the probability value associated

with the statistical test was not representative. When considered

collectively, the magnitude of the F-ratio, and the magnitude and

direction of the differences in the means of the achievement measures

52



reveal what appears to be a definite relationship. Therefore, the

null hypothesis was rejected. The alternate hypothesis accepted was

that the treatment group that completed the programmed instruction

materials and responded to questions scored significantly higher on

relevant and incidental subject content achievement than the group

that completed only the programmed instruction materials.

The experimental results leading to the rejection of H7 were

similar to the findings of Hershberger (1963), Hershberger and Terry

(1964), and Estes (1960) who investigated the effect on learning of

placing questions within the instructional materials to which students

were required to respond. Although these studies differed from the

present study in that they were not conducted in the science subject

content area, and the objectives of the studies were not to evaluate

the effect of complexity of post-instructional questions on achieve-

ment, the results of the studies were comparable. That is, when

students were required to respond to questions that were placed in

the instructional materials, learning was facilitated.

The two alternative hypotheses associated with H
4

and H
7

suggest

that: (1) Students can learn (score higher on an achievement test) by

reading programmed instruction materials:(2) Students who respond to

questions of different complexities placed within programmed instruction

materials learn more than students who read only the programmed instruc-

tion materials. It would appear that developers and publishers of pro-

grammed instruction materials should make greater use of the research

findings cited and confirmed by this study. Some publishers of pro-

grammed instruction texts do embed questions in their instruction

materials. For ex-Ample, the I.B.M. programmed instruction series in
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FORTRAN (1965) makes use of a "picture book" and a "question book".

Periodically in the programmed instruction series, students are sent

to one of these books to answer questions. When the questions are

answered, the student returns to the programmed text. TEMAC programmed

learning materials in their 1969 series uses a "supplemental panels"

booklet in the same way as the I.B.M. series uses picture books.

Although the degree of complexity of questions used to elicit

verbalization was relatively constant for one treatment group, ques-

tions were of different complexities for each of the treatment groups.

The hypotheses of the study were not dependent upon equal increments

of complexity between the questions used at a given point in the

instructional materials with any two groups. The intent was to utilize

13 sets (three questions per set one for each level of complexity or

treatment group) of questions that varied in complexity within each

set. When all of the sets of questions were considered, there was a

mean difference in the complexity of questions used with each of the

treatment groups. The complexity of the questions used by the treat-

ment groups, therefore, formed an ordinal scale.

For purposes of making multivariate statistical tests of HI, Hy

and H
3'

it was necessary to assume that the ordinal scale of the

questions was an interval scale. Lacking more complete knowledge of

the nature of the ordinal scale, the investigator chose the simplest

type of interval scale and assumed that the increments in complexity

were equal. That is, the average difference in the complexities of

the interspersed materials used with any two adjacent treatment groups

(2,3,4, and 5) were equal. The statistical testing for the linear
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trend in H
1,

H
2

and P
3
were therefore considered appropriate knowing

that non-equal increments in complexity could still lead to the identi-

fication of a positive trend across treatcients if, in fact, it was

present. The first null hypothesis (H1) was: There is no relationship

between the degree of complexity of questions producing student verbal-

ization and the amount of increase in student achievement on relevant

and incidental subject content when reading ability is statistically

controlled. The statistical procedures used with PI tested for a linear

relationship between the achievement variables and question complexity

for the four experimental treatment groups. The statistical test yielded

an F-ratio of 62.2 (P < .01) and the null hypothesis ay was rejected.

Since the F-ratio was large, and the graphs of the two achievement

variables versus the complexities of questions indicated a positive

trend (Figure 3), tests for higher order curve fitting was not done.

The statistical test with which the null form of H1 was rejected was a

directional test. The rejection of the null hypothesis with this test

implies that a positive trend best describes the relationship between

the variables. Therefore, the alternate hypothesis accepted is that

there is a positive relationship between the amount of change in stu-

dent achievement (relevant and incidental) and the complexity of

questions.

The positive trend associated with HI also described the relation-

ship between each of the achievement variables and the complexity of

questions. The F-ratio for the test of H2 was 124.60 (P < .01) and

fUL H3 Wdb 23.75 .01). The null form of F2 and H3 were rejected.

The rejection of the null hypotheses with this test implies that a
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positive trend best describes the relationship between the variables

for H2 and H3. Therefore, the two alternate hypotheses accepted were:

(H
2
) there is a positive relationship between the amount of change in

student achievement (relevant) and the complexity of questions, and;

(H
3
) there is a positive relationship between the amount of change in

student achievement (incidental) and the complexity of question.

A graph of the means of achievement versus complexities of ques-

tions for the four treatment groups tested by H2 and H3 appears in

Figure 3. The two sets of points that were plotted come close to

forming the straight line that statistically best describes the rela-

tionship between the variables (assuming unit increments in complexity).

The two lines have different slopes. The difference in slopes may be

interpreted as saying that the rate of increase in relevant achieve-

ment per unit of question complexity is greater than the rate of

increase in incidental achievement per unit of question complexity.

This difference may have been due to students reading and working

with a larger number of relevant subject content tasks (frames and

questions) than incidental subject content tasks, or that more time

vas spent working on relevant subject content than on incidental

content. It appears that students may have spent more time working

on and had more experience working with the relevant subject content

than the incidental subject content since the relevant content appeared

in both the programmed instruction and the interspersed questions, and

the incidental content appeared only in the programmed instruction.

At the lowest level of complexity (Figure 3), the two lines

that describe the two sets of points appear to meet or cross. Students
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positive trend best describes the relationship between the variables

for H2 and H3. Therefore, the two alternate hypotheses accepted were:

(H
2
) there is a positive relationship between the amount of change in

student achievement (relevant) and the complexity of questions, and;

(N3) there is a positive relationship between the amount of change in

student achievement (incidental) and the complexity of question.

A graph of the means of achievement versus complexities of ques-

tions for the four treatment groups tested by 142 and H3 appears in

Figure 3. The two sets of points that were plotted come close to

forming the straight line that statistically best describes the rela-

tionship between the variables (assuming unit increments in complexity).

The two lines have different slopes. The difference in slopes may be

interpreted as saying that the rate of increase in relevant achieve-

ment per unit of question complexity is greater than the rate of

increase in incidental achievement per unit of question complexity.

This difference may have been due to students reading and working

with a larger number of relevant subject content tasks (frames and

questions) than incidental subject content tasks, or that more time

was spent working on relevant subject content than on incidental

content. It appears that students may have spent more time working

on and had more experience working with the relevant subject content

than the incidental subject content since the relevant content appeared

in both the programmed instruction and the interspersed questions, and

the incidental content appeared only in the programmed instruction.

At the lowest level of complexity (Figure 3), the two lines

that describe the two sets of points appear to meet or cross. Students
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it7, MVIR.rroarraorneprammes,

working with the programmed instruction materials at the lowest level

of complexity did not answer questions. Students in this treatment

group read explanations of the subject content that were dealt with

in the questions answered by other treatment groups. That is, stu-

dents in treatment group 2 read the programmed instruction materials

and read explanations of the relevant subject content while students

in the other treatment groups read the programmed instruction materials

and responded to questions. As a result of the difference in experi-

ence, an investigator might expect to obtain smaller differences in

the two types of achievement for treatment group two than with the

other treatment groups.

The null hypothesis ("12) that there were no significant differ-

ences in the amount of time taken by students in the treatment groups

to complete the instructional materials was rejected (F =

As the complexity of questions used to elicit verbalizat4.on increased,

the amount of time taken by students to complete the instructional

materials tended to increase (see Figure 6). Figure 7 is a graph of

the mean relevant and incidental achievements versus the time needed

to complete the instructional materials. The points on the graph,

with one exception, indicate a positive relationship between the

achievement variables and the time spent working on the instructional

materials. As the amount of time taken by the students in the treat-

ment groups increased, achievement increased. The exception, treat-

ment group three, took longer to complete the instructional materials

than the students in treatment group four, but scored lower on the

achievement tests than the students in treatment group four. As was

shown with H
1
the increments in achievement across treatments was
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relatively uniform. The increments in time across treatment groups was

not even. When the times and achievements of the treatment groups were

considered collectively, the students of treatment group three took

more time than was expected to complete the instruction materials.

Since the only difference in treatment was the complexity of questions,

it is assumed that this difference in time was a function of the differ-

ences in questions. A possible explanation of the differences in the

time taken to complete the instructional materials was obtained from

the students who participated in the pilot studies. Following the

collection of data in the pilot studies, several students from each

of the treatment groups were casually asked their opinions of the

questions for which they wrote answers. One reply of the students

in treatment group three was, "The questions were so easy that I

didn't trust you and I had to reread each question several times

to make sure I answered it correctly." It should he noted at this

point that the questions to which treatment group three responded

were the least complex of the questions to which students responded.

This is a possible explanation of why the time-achievement point on

the graph does not fit more closely to the positive trend of the

other points on the graph.

The information available from Figures 3, 6, and 7 can be evaluated

collectively. Figure 3 and the hypothesis associated with it indicate

that as the complexity of questions used to elicit verbalization in-

creases, student achievement increases. Figure 6 shows that as the

complexity of questions used to elicit verbalization increases, the

amount of time spent working on the instructional materials also in-

creases. A coupling of these findings (Figure 7) indicates chat the
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Achievement

Figure 1

A Graph of Achievement Vetsus Time
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increases in achievement across groups was accompanied by an increased

amount of time spent working which, in turn, was a function of differ-

ences in the complexities of the questions. The more complex ques-

tions generated student behaviors or attitudes that were time-consuming,

and allowed students to score higher on the two achievement measures.

This study was not designed to determine what types of student behaviors

took place as a function of questions of different complexities or of
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the effect of different behaviors ter achievement.

The same two-step procedure used for testing both H10 and Hil.

The first step tested for homogenefl of regression and the second step

tested for the coincidence of the ression lines. The variables in-

volved in the testing of H10 were ttr scores and incidental achieve-

ment, and the variables involved i, a testing of H11 were error

scores and relevant achievement. F -ratio for the test of homo-

geneity of regression for H10 was

(P < .89). Both H10 and H11 pas:

(P < .97) and for H11 was .109

test for homogeneity of regres-

sion. This meant that over the observed range of achievement that the

amount of change in error score pk

relevant and incidental) were sij

treatment groups. The second sLc

whether the three regression lint

three treatments were equally of

of errors) over the observed rant

for the test of coincidence of re

of achievement score (both

Itly different for all three

testing procedure determined

-oincident or whether the

(produced the same number

htevements. The F-ratto

lines for 14
10

was 36.09

(P < .01) and for Hil was 36.8 (P < .01). Both Hio and Hil failed

the second test. Tits meant that there were differences in the mean

number of errors made by students in the three treatment groups.

Following the testing of Ho and H11, the regression weights, the

correlations between the predictor variables, and the correlations

between the predictor variables and the criterion variable were

checked to determ'ne whether all of the predictors in the mathemat-

ical models were predicting a portion of the criterion variance.

The null hypothesis (H10) that there is no relationship between the
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number of errors made in verbal response to questions and student

achievement on incidental subject content was rejected. The null

hypothesis (Hil) that there is no relationship between the number

of errors made in verbal response to questions and student achieve-

ment on relevant subject content was also rejected.

In earlier statistical tests and discussion, it was shown that

both relevant and incidental achievement increase positively across

treatment groups. As the complexity of questions used to elicit

verbalization increases, both relevant and incidental achievement

increases. Similarly, the mean number of errors made by students

in responding to the interspersed questions increased across treat-

ment groups. The mean number of errors made by the students of

treatment groups three, four, and five were 2.8, 4.5, and 7.2.

respectively. A graph (Figure 5) of the mean number of errors made

in responding to questions versus the mean incidental achievement

for treatment groups three, four, and five has a positive slope.

This positive slope indicates that the increase in incidental

achievement across groups was accompanied by an increase in the

number of errors made in raking verbal responses to questions placed

in the instructional materials. Therefore, since 810 was rejected,

the alternate hypothesis accepted is that across treatment groups

there is a positive relationship between the number of errors made

in responding to questions and student achievement on incidental sub-

ject content.

A graph (Figure 4) of the mean number of errors made in respond-

ing to questions versus the mean relevant achievement for treatment

groups three, four, and five also has a positive slope. The positive



slope indicates that an increase in relevant achievement across

groups is accompanied by an increase in the number of errors made in

making verbal responses to questions placed in the instructional

materials. Therefore, the accepted alternate hypothesis to Hil

is that across treatment groups there is a positive relationship

between the number of errors made in responding to questions placed

in the instructional materials and student achievement on relevant

subject content.

What might be considered a "traditional" negative correlation

(product moment) between achievement and the number of errors made

in responding to questions did exist in each of the three treatment

groups. The average correlation between the number of errors and

incidental achievement was -.39*, and between the number of errors

and relevant achievement was -.33.* This meant that within each of

the three treatment groups, those students making the fewest errors

when working on the instructional materials tended to be high achievers

and those students making the largest number of errors when working

on the instructional materials tended to be low achievers. It should

be nottA that there were no significant differences in the mean I.g.'s

of students in the treatment groups. For the three treatment groups,

the average correlation between I.O. and relevant achievement was + .47,

and between I.O. and incidental achievement was + .50.* The correla-

tions indicate that students having higher I.O.'s tend to make fewer

*Average correlations were derived by transforming the r values to
Fisher's Z coefficients, calculating the average Z coefficient, and
transforming the average Z coefficient to the average r (Guilford, 1965).
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Figure 8

Scatter-gram of incidental Achievement Versus Errors
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Figure 9

Scatter-gram of Relevant Achievement Versus Errora
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errors in the learning process and score higher on achievement measures,

while students with lower I.O.'s tend to make larger numbers of errors

in the learning process and score lower on achievement measures.

The relationship between errors and achievement within treat-

ment groups and across treatment groups can be seen graphically in

Figures 8 and 9. Figure 8 is a graph of incidental achievement scores

versus error scores for students in treatment groups three, four, and

five, and Figure 9 is a graph of relevant achievement scores versus

error scores for the same students. The treatment group to which

each of the plotted points belongs appears in the legends of the

graphs. The investigator enclosed the points from each of the three

treatment groups in a figure. ith few exceptions (the exceptions

can be seen or the graphs), the points from each treatment group

are enclosed within their own figure and there are relatively equal

numbers of points from each of the treatment groups not falling within

their own figure. Each of the figures is an approximate representation

of a treatment group's scores on these two measures. In both of the

graphs, the major axis (the longest axis) of each of the figures has

a negative slope. This negative slope 19 characteristic of the nega-

tive correlation that exists between tie number of errors made in

responding t questions in the instructional materials and echievement.

The three figures in each of the graphs orient themselves in

similar patterns. the figure that represents treatment group four

is to the right and above that of treatment group three, and the

figure that represents treatment group five is to the right and

above that of treatment group four. Since the centers of the figures

represent the approximate means of the two variables for each treatment
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group, it can be seen that across treatments, as achievement increases,

the number of errors cade also increases. From the graphs, it can be

seen that within treatment groups there is a negative relationship

between errors and achievement, and that across treatment groups

there is a positive relationship between errors and achievement.

The negative correlation between errors and achievement found

within the treatment groups is consistent with the early findings of

Skinner (1958), who found that with programmed instruction, students

who have high error rates in responding to frames tend to have low

achievements. It should he remembered that Skinner's studies dif-

fered from this study in fornat and objectives. In Skinner's experi-

ments, :students learned by using a programmed instruction text. In

this study, students learned by using a programed instruction text

and, in addition, were required to respond to questions placed

throughout the text. Skinner then studied the amount of learning

that took olace as a function of the programmed texts, while this

study dealt with the amount of learning (achievement) that took

place as a function of the programmed instruction plus that which

was a function of the questions built into the programmed text.

Also, Skinner required students to respond to each programmed frame.

In thts study students read the correct answer that had been placed

in the response blanks and responded only to the experimental ques-

tions. Skinner's studies and this study have, however, had a similar

finding. Both studies have found that within a treatment, high error

rates in responding during the instructional sequence are associated

with low achievement. A possible explanation of this relationship

67



appeared in this study. There was a negative correlation between

I.Q. and errors and a positive correlation between I.O. and achieve-

ment. High ability (I.Q) students tended to have high achievement

and make low numbers of errors during instruction while low ability

students tended to have low achievement and make high numbers of

errors during instruction. These results were obtained in the

three treatment groups that responded to questions. It would appear

that within a given treatment, the negative relationship between

errors and achievemqnt is more of a function of the students' ability

than low achievement is a function of high error rates alone.

Possible Explanations of the Differences in Achievement

With the exception of the control group, all students in the sam-

ple had the same instruction and, had it not been for the interspersed

questions, would have been expected to have similar achievements. The

interspersed questions required students to utilise the information

they obtained through reading the programmed text materials and, as

a result, achievement was facilitated. The students who responded to

the more complex questions utilized a larger number of the characteris-

tic parts of the instructional materials (tactors) and had a larger num-

ber of experiences in working with the factors than the students who

responded to the less complex questions. This introduces an exper-

ience and/or a practice factor into the study. The students respond-

ing to the more :omplex questions utilized a larger number of factors

of the instructional materials (experience) in responding to questions

And had a larger number of uses of each factor (practice) than did

the students responding to the less complex questions. A number of



studies have been reported in the literature that dealt with the

effect of practice (CallatinP. and Warren, 1955; Bowne and Haygood,

1959) and experience (Morrisett and Hovland, 1959; Kersh, 1958) on

learning and have shown that within limits, both experience and

practice have facilitative effects on achievement. In this study,

practice and experience were closely tied, and it is difficult to

separate the amount of effect that each had on the experimental

outcome. It is suspected that the increased amounts of practice

and experience obtained by the students in the treatment groups

that responded to the more complex questions contributed to the

differences in their achievements.

When students worked with the pre-experimental programmed

instruction materials in astronomy, the investigator observed that

they worked through the pages sequentially and seldom, if ever,

referred to the preceding pages. When students worked on the pro-

grammed portion of the experimental materials, the investigator

observed that they worked in much the same way except when they

encountered one of the interspersed questions. When a question

,'as encountered, students tended to reread pnrtions ,f the pro-

grammed text. Several students were observed rereading frames

after they had answered the questions and checked the answers.

Students were also observed rereading the questions, the answers,

and the corrective feedback that accompanied the answers. These

rereading behaviors are referred to by Rothkopf (1963, 1965) as

one of a number of behaviors known as inspection behaviors.

According to Rothkopf's theory of inspection behaviors, the

interspersed Questions act as the stimuli and the students respond
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by exhibiting behaviors that are responsible for higher achievements.

As an extrapolation from Rothkopf's reasoning to the present study,

one might consider that more complex questions bring into play a

larger number of stimuli (subject content factors) than less complex

questions. If the greater numbs' of factors (stimuli) brought into

play a larger number of inspection behaviors, then these behaviors

may have been responsible for the differences in achievement across

treatment groups. The fact that students not onl) had higher achieve-

ment scores but also took more time to complete the instruction mater-

ial supports this reasoning.

Rothkopf's inspection behaviors also give a possible explanation

of why the interspersed questions facilitated relevant achievzment

more than incidental achievement. The students responding to more

complex questions had an opportunity to direct their inspection

behaviors towards a larger number of specific parts of the subject

content (factors) than the students responding to the less complex

questions. The inspection behaviors may have amounted to a sorting

process. To find information in the text that was related to a factor,

students would be required to sort (read) the preceding subject con-

tent until they found their answer. In the sorting process, students

would review both the relevant and incidental subject content and as

a result both relevant and incidental subject content achievement

would be facilitated. As might be expected, since the Inspection

behaviors were topic specific, relevant subject content achievement

would be facilitated more than incidental subject content achievement.
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What types of inspection behaviors might be generated by a

student finding that he had incorrectly answered one of the

interspersed questions? One option is that a student may ignore

the question and continue on in the instruction materials. In this

study, it appears that if this occurred, it occurred with low fre-

quency since students who made the largest number of errors tended

to take longer to complete the instructional materials and had the

highest achievements. Although a few students may have reacted

negatively to the questions, the achievement and time measures

indicate that in general just the reverse must have happened.

Student achievement may have been facilitated by a number of

different types of behaviors or activities that followed the recog-

nition of an incorrect answer. First, as in the studies by Meyer

(1960) and Peterson (1960), students may have read the correct

answer and obtained sufficient information to facilitate achieve-

ment. Second, students may have obtained information from the supple-

mental information (corrective feedback) that accompanied the correct

answer. The supplemental information in this study was the explana-

tion of how the correct answer was derived. Bryon and Rigney (1956),

and Bryon, Rigney, and Van Horne (1957) have found that the feeding

back of supplemental information (information relevant to the question

but not including the correct answer) in response to an incorrectan-

swer was sufficient to facilitate learning. Third, on finding they

had given an incorrect answer, students may have reread sections of

the instructional materials applicable to the question. Hershberger

(1963, 1964).and Hershberger and Terry (1965) found that by permitting
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students to reread sections of the instruction materials germane

to the questions asked, learning was facilitated. Through each of

these three activities or behaviors, student would have been able

to obtain the information necessary to facilitate learning.

The event that may initiate any of the three behaviors is a

student's recognition that a response is incorrect. Since the

students in the treatment groups responding to the most complex

questions made the largest number of errors, one would expect the

students in the same treatment groups to exhibit the largest

number of these learning-centered inspection behaviors or activities.

The students in the treatment groups responding to the most complex

questions also had the highest achievement and spent the greatest

amount of time completing the instructional raterials. Therefore,

there is a high probability that the facilitation of achievement

was a function of one or more of these three behaviors or activities.

Further, the differences in the achievement of the treatment groups

may be a function of the differences in the number of these behaviors

exhibited by the students in each of the treatment groups.

Summary

Assuming that the methodological and statistical design of the

study were effectively carried out, there were four major findings of

the study. These were:

1. As the complexity of the questions to which students responded
increased, student achievement on relevant and incidental subject
content increased.

2. As the complexity of questions to which students responded increased,
the amount of time taken by students to complete the instructional

materials increased.
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3. As the complexity of questions to which students responded
increased, the number of errors made by students in respond-
ing to the interspersed questions increased.

4. As the number of errors made by students in responding to the
interspersed questions increased (across treatments), relevant
and incidental subject content achievement increased.

These findings answered the basic questions asked in this study

and, when considered collectively, give a relatively complete picture

of what occurs when students are required to respond to questions of

different complexities that are interspersed in the instructional

materials. The students in the treatment groups that responded to

the more complex questions took longer to complete the instructional

materials, made more errors in their responses to the interspersed

questions, and had higher achievements than students in the treatment

groups that responded to the less complex questions.

In the development of the questions that were interspered in the

subject content to produce student verbalization, the investigator

utilized his own logic as to which factors came into play in answer-

ing the questions. The panel of judges, in evaluating the relative

complexities of questions developed by the investigator, in effect

agreed that there was a high probability that students would utilize

the logic of the investigator and use a given number of factors or

levels in formulating answers. The questions were formulated so that

answering the least complex questions tended to involve the manipula-

tion of a single factor while the answering of more complex questions

tended to involve the manipulation of more than one factor. The stu-

dents in the treatment groups that responded to the more complex ques-

tions had a larger number of experiences in working with selected
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portions of the subject content (factors) than students in the

treatment groups that responded to the less complex questions.

All students in the sample who worked with the programmed

instruction materials had an equal opportunity to obtain infor-

mation pertaining to the subject topic, but those students respond-

ing to the more complex questions were required to reuse or apply

a greater number of the characteristic parts of the subject con-

tent. The increased number of experiences of working with the sub-

ject content introduced a practice or exper!ence effect that was

responsible for some or all of the differences in the achievements

of the treatment groups.

Along with having higher achievements, the students in the

treatment groups who responded to the more complex questions took

more time to complete the instructional materials. That Is stu-

dents responding to the more complex questions were required to go

through a larger number of steps (manipulate a larger number of

factors) in deriving the answers, and this is expected to have

taken the additional student time.

There are a number of other student behaviors that may have

occupied a portion of the additional time taken by the students in the

treatment groups responding to the more complex questions that could

have contributed to the differences in achievement. These behaviors

may have included rereading the question, the answer, the corrective

feedback, or the portions of the programmed text applicable to the

question.

Making errors in responding to the interspersed questions might
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also have caused students to begin reading the programmed text

materials more carefully the first time,which also would have

consumed additional time.

Within each of the treatment groups, there was a negative

correlation between the number of errors made in responding to

the interspersed questions aid the achievement variables. This

correlation was accompanied by a positive correlation between

achievement and I.Q. , and a negative correlation between 1.0. and

the number of errors made in responding to the interspersed ques-

tions. Since these correlations appeared as a result of each of

the treatments, it was argued that the negative correlation be-

tween achievement and errors was more of a function of I.Q. than

achievement was a function of the number of errors alone.

Across treatment groups, there was a positive relationship

between achievement and the number of errors made in responding

to the interspersed questions. As the complexity of the ouestions

to which the students in the treatment groups responded increased,

the mean number of errors and the mean achievement also increased.

The number of errors made in responding to the interspersed questions

and the achievements were a function of the treatments that the groups

received. It was hypothesized that the differences in achievement

were a result of inspection behaviors which were a function of respond-

ing to questions of different complexities. The investigator observed

some inspection behaviors in his classroom visits that seemed related to

response behaviors that have been shown to facilitate achievement.
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As the complexities of questions to which students in the

treatment groups responded increased, achievement increased, the

amount of time spent working on the instruction materials and

question increased, the number of errors made in responding to

the questions increased. The data analysis, knowledge of the

experimental design, and personal observations lead the investi-

gator to conclude that by asking more complex questions as a part

of the instructional sequence, higher relevant and incidental

achievement occurs. This higher achievement is a result of additional

experience or practice obtained by students as a function of respond-

ing to questions, and may have been due to inspection behaviors that

..ere a function of the questions to which the students responded and

the errors made in responding to interspersed questions.

Suggestions for Further Research

This study vas designed to ask c::tain basic Questions. It was

hoped that the experimental findings, while not answering all ques-

tions, would shed some light on the relationship of the complexity

of questions to which students reGpond as a part of the instructional

materials to achievement. As is the case with many research studies,

though some questions are answered, at least tentatively, many more

investigations need to be carried out in order to further refine our

knowledge.

There are two areas of investigation that could act as exten-

sions of the present study and further refine the knowledge obtained

in the present study. The first area of investigation involves
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determining the effect of selected inspection behaviors or combina-

tions cf inspection behaviors on the facilitation of learning. The

inspection behaviors of interest are: (a) Reading only the correct

answer after responding to a question; (b) Reading an explanation of

the derivation of an answer to a question, and; (c) Rereading portions

of the learning materials relevant to the question after responding to

a question.

The second area of investigation involves the effect of respond-

ing to highly complex questions on the facilitation of learning. More

. specifically, when questions used to elicit verbalization become highly

complex (contain large numbers of factors and levels), is learning

facilitated? In the present study, the investigator initially sus-

pected that the most complex questions might not facilitate learning

to the same degree as did the questions of the next lower level of

complexity. This, however, was not true. Further investigations

would attempt to determine whether responding to highly complex

questions as a part of the instruction materials facilitates learn-

ing, and if they do not, at what level of complexity do questions

begin to lose their effectiveness in facilitating learning.
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Appendix A

Question Evaluations By Panel of Experts

A. Qualifications of the experts on the panel.

1. Dr. A. S. Fischler

2. Dr. Joseph Lipson

3. Dr. John M. Flynn

4. Edward R. Simco

5. Robert A. Lehman

Ed. D. in science education from
Columbia University. Author of
an elementary and a junior high
science textbook series.

Ph. D. in physics from the Univer-
sity of California. Developer of

I. P. I. science and math for
elementary schools.

Ed. D. in educational psychology
from the University of Florida.
Project Director, An Analysis of
the Role of the Teacher in an
Innovative Prototype School.

M. S. in physics from the Univer-
sity of Pittsburgh. Former physics
teacher and chairman of a junior
high school science department.
Candidate for a Ph. D. in science
education.

M. Ed. in science education from
the University of Oklahoma. Former
junior 1igh school science teacher
and candidate for a Ph. D. in
science education.



B.Reaponses of the Experts.

Judges 1 2 3 4 5

VRC VRC VRC VRC VRC

1 A XXX X 000 XXX XXX

B* XXX X 000 XXX XXX

2 A* XXX XXX OXX XXX XXX

B OXX OXX OXX OXX OXX

3 A OXX XX XXX XXX XXX

B* XX XX XXX XXX XXX

4 A* 00X XXX XXX XXX XXX

B OX0 X XXX XXX XXX

5 A XXX XXX XXX XXX XXX

B* XXX XXX XXX XXX XXX

6 A* XXX XXX XXX XXX XXX

B XXX XXX XXX XXX XXX

7 A* XXX XX XXX XXX XXX

B XXX XX XXX XXX XXX

8 A OXX XXX X X XXX XXX

8* XXX XXO XXX XXX XXX

9 A* XXX XXX XXX XXX XXX

B XXX XXO XXX XXX XXX

10 A XXX XX XX XXX XXX

B* XXX XXX XXX XXX XXX

11 A* XXX XXX XXX XXX XOX

B XXX XXX XXX XXX XOX

12 A* XXX XXX XXX XXX XXX

B XXX XXX XXX XXX XXX

13 A* XXX XXX XXX XXX XXX

B XXX XXX XXX XXX XXX

V Content Validity
R = Reading
C = Complexity

X = Acceptable on this criterion.
0 = Not acceptable on this criterion.

= Questionable acceptance on this
criterion.

* = Sets of questions that were interspersed in the text materials.



Appendix B

Instructions to Judges

Nova University
Social and Behavioral Sciences Center
3301 College Avenue
Fort Lauderdale, Florida

Dear Sir:

I would like to take this opportunity to thank you for your willing-
ness to act as a judge of the questions that I anticipate using as a
part of my thesis. This letter is intended to serve as an introduction
to the format of the accompanying materials and to set down the criteria
on which you will judge the questions.

The accompanying package of materials contains a 250-frame pro-
grammed learning sequence that has been divided into sections. The pro-
grammed materials are identical to those that will be used by students
in the study, and you will note that all of the frames have the answers
typed into the response spaces. Following each of the sections you will
find two sets of questions with three questions in each set. Eventually,
one of each of the two sets of questions will be used as a part of the
instructional sequence, and portions of the other set will be used in
the final student evaluation. Please evaluate each set of questions on
three points or criteria. These points are: (1) Are the words and sen-
tence structure used in the questions and the accompanying answers con-
sistent with the abilities of seventh grade students; (2) Are the con-
cepts involved in answering the questions included in the preceding
sections of the programmed instruction sequence, and; (3) Do the three
questions in each set vary sequentially in complexity as set down in
the following definitions.

The second question in each set is designed to be more complex
than the first, and the third question in each set is designed to be
more complex than the second. The second and third questions are ex-
pected to be increasingly more complex than the first, but the incre-
ment or difference in complexity between questions in one set or diffe-
rent sets is not expected to be the same.

A question is defined as being more complex than another when it
involves either more factors and/or more levels per factor. A factor
is a characteristic of subject content or topic that can be measured
or described independently of other characteristics within the subject



content or topic. In terms of factors, a question is more complex
than anc:ther if it involves more factors than another question or
other questions, regardless of the relevance of the additional fac-
tor or factors to the solution or answer. A level is o subset of
a factor. In terms of levels, a question becomes more complex as
more subsets are introduced, as more members are introduced within
each subset, and/or as the ratios between the numbers of members
in two or more subsets increases. Also, a problem in which a com-
parison is made of two or more factors or levels will be considered
more complex than a problem in which factors or levels are consid-
ered separately. For example, in subject content dealing with
'avels, the masses or forces involved, the positioning of the
masses relative to the fulcrum, and the angle through which the
lever turns are factors. Eigher ratios, numbers, or magnitudes of
masses and lever arm lengths, and the number of degrees of angles
of rotation of the lever are levels within each of the factors. A

comparison of the clockwise and counter-clockwise moments (factors)
in a lever is considered more complex than the derivation of either
set of moments themselves.

There are then three points on which you will evaluate each set
of questions. These are: (1) reading level; (2) content validity,
and; (3) levels of complexity. A check list is provided on the first
question of each set for your convenience. Please mark the accept-
ableness of each set of questions for each criteria on the check list.
If you feel that you would like to make other constructive criticisms,
please feel free to write comments at points that you feel are appro-
priate.

I appreciate your taking time from a busy schedule to perform
this task for me. If you are interested, I would be happy to send
you a copy of the experimental results when they are completed.

Sincerely,

Michael Yost, Jr.



Appendix C

Programmed Instruction Text and the Interspersed Questions



Name
last

Teacher

Section

first

MECHANICS

Please do not place marks in the blocks that appear below. They are for use
by the teacher only.

Reproduced from Mechanics Unit:
General Science Series of
Encyclopaedia Eritannica Press,
0 1964. Reproduced by special
permission.



Instructions:

You are being asked to read this booklet and, at times, to answer

questions about the subject content. It is important that you pay very

close attention to what you read, and that you do not move ahead until

you understand what you have already read. This booklet is very much

like the one on astronomy that you have recently been working in. You

will not be required to fill in the blanks of this booklet as you did

in the astronomy booklet. Instead, you will read each sentence with

the correct answer typed in the blank. Every 15 or 20 statements you

will find a page containing a single question or statement. Carefully

read the question or statement. If it is a question, answer it, and

draw a circle around your answer. If it is a statement, read it, and

continue on. Questions have their answers on the back of the page on

which they are found. Do not read the correct answer before writing

down your own answer, and do not change your answer after you have

read the correct answer.

After reading these instructions you may begin working. Please

use the booklet conscientiously and follow the directions at all times.

You may york at your own speed, and you should try not to waste any

of your time. As soon as you complete the booklet, see your teacher.

re will give you two short quizzes to see how much of the science

material you can remember and use.

Do you now have any questions about what you will be doing while

working with this booklet? If you have any questions, ask them at

this time. Your teacher will answer any ouestions that you sty have

at this time, but will not answer questions once you begin working.



1. You have learned that an object like your pencil will balance
at the point of its center of gravity.

Balanced

2. All of the weight of an object seems to be concentrated at
its center of gravity .

C of G

Yard Stick

3. Actually, the weight of the yard stick is distributed over
its entire length.

minnunninn
Weight Distributed



4. But, the yard-stick acts as if its weight were concen-
trated at its center.

5. A yard-stick at the 18-inch mark will be exactly balanced.

36 in.

18 in. 18 in.

ite
6. The number of units of length onAleft will be equal to the

same number of units of length on the right

7. This point where the yard-stick will be exactly balanced is
called its center of gravity.

8. If we support the yard-stick at its center of gravity
it will be exactly balanced.

9. The center of gravity of an irregular object like a
baseball bat will not be located at its center .

"enter of Gravity

4s===01.411

enter

10. Tke entire weight of the baseball bat semi) to be concen-
trated at the thick et.d.



11. Generally, every object acts as if its weight were
concentrated at some single point.

12. A regularly shaped object like a cube or a circular disc

will have its center of gravity at the center.

13. An object like a broom would not have its center of gravity
et its center .

C.G.

CENT! R

14. No matter how you rotate the broom the center of gravity

will always be at the same point. 1
II
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11
/I % '4%

Oil 41

cwt. ...Ia. 41 V
15. The two objects shown below have their centers of gravity

at their centers .

C.O. C.64



An object can be balanced on another object, or pivot point, if

we place it so that there are equal amounts of weight on each side

of the point on which it balances.



Suppose that you are given an empty box and a rectangular stick

as shown in the drawing below. Where can you place the stick if you

are to have the box balance on it and not touch the table?

To have the box balance on the stick, place the stick so that

there are equal amounts of the box on each side of the stick. That is,

place the stick under the tenter of the Fox.



Suppose that you are given an empty box and a rectangular stick

as shown in the drawing below. You then fill the box with sand so that

the sand is even with the top of the box. In what position under the

sand-filled box can you place the stick to have the box balance and not

touch the table?

To have the box balance on the stick, place the stick so that

there are equal amounts of the box and sand on each side of the stick.

That is, place the stick under the center of the box.



Suppose that you are given an empty box and a rectangular stick as

shown in the drawing below. The box is then filled with sand so that

the sand is even with the top of the box. A small bucket of stones

is placed on top of the right side of the sand-filled box. In what

position under the sand-filled box and bucket of stones can the stick

be placed to have them balance and not touch the table?

To have the box, stones, and sand balance on the stick, place the

stick so that there are equal amounts of weight on each side of the stick.

That is, place the stick under the box to the right of the center to allow

for the weight of the stones on that side.



16. The center of gravity of A and B together is found by joining
their centers of gravity .

A

-0

B

17. We can use a single supporting force at the new center of
gravity to balance A and B.

A I
-0

B

18. A and B (below) are supported at the new center of gravity .

A B

19. If A were heavier than B, their common center of gravity
would not be at the center of the connecting rod.

C of G
0

B

1

Single supporting force



20. We can find a single supporting force to balance A and B.

21. A yard-stick will balance at the 18-inch mark,or its center
of gravity .

1 18 36

22. There are 18 equal units of length on one side and 18 equal
units of length on the other side of a yard-stick.

(111111 lIi1111IlIII1111i1111111i [1111FIIIif11f111111)



23. A LEVER is like a yard -stick, rod, or plank.

;.G.

Supporting Force

24. A lever will balance when its supporting force is at its
center of gravity .

25. Perhaps you have used an equal-arm balance.

Two balanced pans are supported at (equal/unequal) equal

distances from a common point of support.

26. The balanced scale pans are also (equal/unequal) equal

in mass.



27. Since they are equal in mass they are attracted equally to
the earth and hence have equal weight .

28. Mass and weight (do/do not) do not mean the same thing.

29. The two scale pans are supported at (equal/unequal) equal
distances from a common support called the FULCRUM.

Fulcrum Support

Balanced Scale Fans

30. The common support from which the two scale pans are free to turn is
called the FULCRUM .

31. The pans will balance at their common center of gravity.



32. If you should add a brass weight to one pan, the pans would not

be balanced .

33. To restore the balance we must add an equal weight to the
other side.

34. The scale pans balance when the weights on both sides are
equal.

35. The scale pans move up and down if the weights on either side
are (equal/unequal) unequal .



In order to have an equal-arm pan balance balance, the amount of

weight on the left pan must be equal to the amount of weight on

the right pan.



The picture below is of an equal-arm pan balance. If no weights

are placed on either side, the pans would be

In order to have an equal-arm pan balance balance, the amount of

weight on the left pan mustte eaual to the amount of weight on the

right pan. In this problem, the pans would be balanced.



The picture telow is of an equal-arm pan balance. If a 10-ounce

weight is placed on the pan on one side, how much weight must be placed

on the pan on the opposite side in order to have the pans balance?

1 '

In order to have an equal-arm pan balance balance, the amount of

weight on the left pan must be equal to the amount of weight on the

right pan.

In this problem, a 10-ounce weight must be placed on the opposite

side in order to have the pans balance.



The picture below is of an equal-arm pan balance. A 10.5-ounce

weight has been placed on the left pan and an 8.4-ounce weight has been

placed on the right pan. How much weight must be placed on which pan in

order to have the pans balance?

In order to have an equal-arm pan balance balance, the amount of

weight on the left pan must be equal to the amount of weight on the

right pan.

In this problem, an extra weight of 2.1 ounces must be placed

on the right pan in order to have the pans balance.



A bar or see-saw will be balanced when there are weights of the

same size attached at equal distances on each side of the fulcrum.

If one weight is larger than the other, then the larger of the two

weights must be placed closer to the fulcrum in order to have the

bar or see-saw balance.



The bar pictured below is on a stand that will allow it to pivot

or turn. The bar is of the same thickness all along its length. In

the space below the picture, tell why the bar is not balanced.

A bar or see-saw will be balanced when there are weights of the

same size attached at equal distances on each side of the pivot.

If one weight is larger than the other, then the larger of the two

weights must be placed closer to the pivot in order to have the

bar or see-saw balance.

The bar is not balanced because there is more of the bar to the

left of the pivot than to the right of the pivot or because the amount

of bar to the left of the pivot weighs more than the amount of bar to

the right of the pivot.



The bar pictured below is on a stand that will allow it to

pivot (go up or down). The bar is of the same thickness all along its

length and was balanced before the weights were attached. In the space

below the picture, tell why the bar is not balanced.

A bar or see-saw will be balanced when there are weights of the

same size attached at equal distances on each side of the pivot. If

one weight is larger than the other, then the larger of the two weights

must be placed closer to the pivot in order to have the bar or see-saw

balance.

In this problem, the bar is not balanced because the equal-sized

weights are attached at different distances from the point about which

the lever pivots.



The bar pictured below is on a stand that will allow it to pivot

or turn. The bar is of the same thickness all along its length. In the

space below the picture, tell why the bar is not balanced.

A bar or see-saw will be balanced when there are weights of the

same size attached at equal distances on each side of the pivot. If

one weight is larger than the other, then the larger of the two weights

must be placed closer to the Pivot in order to have the bar or see-saw

balance.

There are two reasons why this bar is not balanced. One reason is

because there is more bar to the right of the pivot than to the left of

the pivot. The other reason is because the weight on the right is larger

than the weight on the left even though they have the same lever arm length.



When objects of unequal weight are placed qual distances on

each side of the pivot of a lever, it wil- e balanced. The

end of the lever on which the heavier object is hung will go down

and the opposite end will go up. Each object pulls down with all

of its weight. The difference in the weights of the two objects

will be effective in causing the heavier end of the lever to go

down and the lighter end to go up.



The drawing below is of a lever with arms of equal length.

How much of a pull downward does the weight on end A exert?

When objects of unequal weight are placed at equal distances on

each side of the pivot of a lever, it will not be balanced. The end

of the lever on which the heavier object is hung will go down and the

opposite end will go up. Each object pulls down with all of its weight.

The difference in the weights of the two objects will be effective in

causing the heavier end of the lever to go down and the lighter end

to go up.

In this problem, the weight on end A exerts a downward pull of

8 pounds.



The drawing below is of a lever with arms of equal length. Place

arrows on the drawing to show which end will go down and which end will

go up.

8 ib.
10 lb.

When objects of unequal weight are placed at eaual distances on

each side of the pivot of a lever, it will not be balanced. The end

of the lever on which the heavier object is hung will go down and the

opposite end will go up. Each object pulls down with all of its weight.

The difference in the weights of the two objects will be effective in

causing the heavier end of the lever to go down and the lighter end to

go up.

In this problem, the end of the lever to which the 10-pound weight

is attached will go down and the end to which the 8-pound weight is at-

tached will go up.



The drawing below is of a lever with arms of equal length. How

much of the weight of the two objects is effective in causing the lever

to move? Which end of the lever will go up and which end will go down?

When objects of unequal weight are placed at equal distances on

each side of the pivot of a lever, it will not be balanced. The end

of the lever on which the heavier object is hung will go down and the

opposite end will go up. Each object pulls down with all of its weight.

The difference in the weights of the two objects will be effective in

causing the heavier end of the lever to go down and the lighter end to

go up.

In this problem, the difference between the two weights, or

2 pounds (10.8.2), acts to cause the right end to go down and the left

end to go up.



To find or calculate the moment of a lever, a person must know

both the weight acting on the lever arm and the length of the

lever arm on which the weight acts. By multiplying these two

numbers together, we get the moment of that end of the lever.



In the drawing below, which length would be used in calculating

the moment for the weight on end A of the lever?

A

To find or calculate the moment of a lever, a person must know

both the weight acting on the lever arm and the length of the lever

arm on which the weight acts. By multiplying these two numbers to-

gether, we get the moment of that end of the lever.

In this problem, 2 feet would be used as the lever-arm length

in calculating the moment for end A of the lever.



Find (calculate) the moment for side B of the lever shown in

the drawing below.

A

To find or calculate the moment of a lever, a person must know

both the weight acting on the lever arm and the length of the lever

arm on which the weight acts. By multiplying these two numbers to-

gether, we get the moment of that end of the lever.

In this problem:

Moment weight x lever arm
Moment 16 pounds x 4 feet
Moment 64 pound-feet



Find (calculate) the difference in the moments of sides A and B

of the lever shown in the drawing below.

To find or calculate the moment of a lever, a person must know

both the weight acting on the lever arm and the length of the lever

arm on which the weight acts. By multiplying these two numbers together,

we get the moment of that end of the lever.

Side B Side A

Moment = weight x lever arm
Moment = 16 pounds x 4 feet
Moment = 64 pound-feet

Moment = weight x lever arm
Moment = 16 pounds x 2 feet
Moment = 32 pound-feet

Difference = 64 pound-feet - 32 pound-feet = 32 pound-feet.



To calculate the work done by a lever in moving an object, we

multiply the object's weight times the vertical distance that

it is moved. To calculate the moment of the same object, we

multiply the object's weight times the length of its lever arm.



In calculating the moment for end A of the lever pictured below,

which length or distance would be used?

A B

8 ft.

.10

To calculate the work done by a lever in moving an object, we

multiply the object's weight times the vertical distance that it

is moved. To calculate the moment of the same object, we multiply

the object's weight times the length of its lever arm.

In this problem, we would use 8 feet as the lever arm length in

calculating the moment of end A of the lever.



Find the amount of work done in lifting the weight that is on end A

of the lever.

A
:
al

zo ,4_,,_____
., ,.
de 2ft,

...- B
-- -125 ibl

To calculate the work done by a lever in moving an object, we

multiply the object's weight times the vertical distance that it is

moved. To calculate the moment of the same object, we multiply the

object's weight times the length of its lever arm.

In this problem, we would calculate the amount of work by:

Work = weight x distance moved
Work is 20 pounds x 2 feet
Work = 40 foot-pounds



For Side A of the lever, work is done in lifting the object. The

object pushes down on the lever causing a moment. Find 6alculate)

the difference between the size of the moment and the amount of work

done in lifting the object.

To calculate the work done by a lever in noving an object,

we multiply the object's weight times the vertical distance that it

is moved. To calculate the moment of the same object, we multiply

the object's weight times the length of its lever arm.

Ik this problem, we can calculate the work done and the moments of

end A of the lever by:

Moment weight x lever arm
Moment 20 pounds x 8 feet
Moment 160 pound-feet

Work weight x distance moved

Work 20 pounds x 2 feet

Work 40 foot-pounds

Moment - Work 160 - 40 120

The moment has the greater numerical value.



We can arrange a number of gears or wheels in a line so that when we

turn the first one, all the others in the line will also turn. If

we turn the first gear in a clockwise direction, the second gear will

turn in a counter-clockwise direction, and the third gear will turn

in a clockwise direction. All of the even-numbered gears will turn

in one direction and the odd-numbered gears will turn in the opposite

direction.



The drawing below is of two gears that are free to rotate. When

one gear is rotated, the other will also rotate. If gear A is rotated

in a clockwise direction, as the arrow shows, in what direction will

gear B rotate?

We can arrange a number of gears or wheels in a line so that when

we turn the first one, all the others in the line will also turn. If

we turn the first gear in a clockwise direction, the second gear will

turn in a counter-clockwise direction, and the third gear will turn

in a clockwise direction. All of the even - numbered gears will turn

in one direction and the odd-numbered gears will turn in the opposite

direction.

In this problem, gear B will rotate in a counterclockwise direction.



The drawing below is of three gears that are free to rotate.

When one gear is rotated, the others will also rotate. If gear A is

rotated in a clockwise direction, as the arrow shows, in what direction

will gear C rotate?

We can arrange a number of gears or wheels in a line so that

when we turn the first one, all the others in the line will also

turn. If we turn the first gear in a clockwise direction, the

second gear will turn in a counter-clockwise direction, and the

third gear will turn in a clockwise direction. All of the even-

numbered gears will turn in one direction and the odd-numbered

gears will turn in the opposite direction.

In this problem, gear C will turn in a clockwise direction.



The drawing below is of five gears that are free to rotate. When

one gear is rotated, the others will also rotate. If gear A is rotated

in a clockwise direction, as the arrow shows, in what direction will

gear E rotate?

We can arrange a number of gears or wheels in a line so that when

we turn the first one, all the others in the line will also turn. If

we turn the first gear in a clockwise direction, the second gear will

turn in a counter- clockwise direction, and the third gear will turn

in a clockwise direction. All of the even-numbered gears will turn

in one direction and the odd-numbered gears will turn in the opposite

direction.

In this problem, gear E will rotate in a clockwise direction.



In calculating the moment for a side of a lever, we must take into

account all of the weights acting on that side. If two weights are

hanging from or acting on the same point on one side of a lever and

we wish to calculate the moment, we first find the sum of the weights

(add them together). We then multiply this number by the length (4

the lever arm on which the weights are acting.



1.

What is the total weight pulling down on side B of the lever

shown below?

=
15 M. 10 16

5/a

In calculating the moment for a side of a lever, we must take

into account all of the weights acting on that side. If two weights

are hanging from or acting on the same point on one side of a lever

and we wish to calculate the moment, we first find the sum of the

weights (add them together). We then multiply this number by the

length of the lever arm on which the weights are acting.

In this problem, the total weight pulling down on Side B is

1. 15 pounds (10 + 5 = 15).

1



Find (calculate) the moment for side B of the lever shown

in the drawing below.

A

15 lb,

ft B

In calculating the moment for a side of a lever, we must take

into account all of the weights acting on that side. If two weights

are hanging from or acting on the same point on one side of a lever

and we wish to calculate the moment, we first find the sum of the

weights (add them together). We then multiply this number by the

length of the lever arm on which the weights are acting.

in this problem, the moment for side B is:

Moment weight x lever arm
Moment (10 + 5) pounds x 6 feet
Moment 15 pounds x 6 feet
Moment 90 pound-feet



When the hand releases the lever pictured below, will it balance?

If not, which end will go up and which end will go down?

A

In calculating the moment for a side of a lever, we must take into

account all of the weights acting on that side. If two weights are

hanging from or acting on the same point on one side of a lever and

we wish to calculate the moment, we first find the sum of the weights

(add them together). We then multiply this number by the length of

the lever arm on which the weights are acting.

In this problem, the moments for side A and B are:

Side A: Moment = weight x lever arm Side B: Moment = weight x lever arm
Moment = 15 pounds x 6 feet Moment = (10+5)pounds x 6 ft
Moment = 90 pound-feet Moment = 15 pounds x 6 feet

MomAnt = 90 pound-feet

Since there is no difference in the moments of the two ends (90-90 = 0),

the lever will balance and will not rotate.



To calculate the moments of a lever, we must know the weight of each

object involved and the length of the lever arm on which each of the

objects acts. By multiplying each object's weight by its lever arm

length, we obtain the moments for the two sides of the lever. If the

clockwise and counterclockwise moments of a lever are not ectral, a

lever will rotate. A lever will rotate in the direction of the larger

moment.



On the lever pictured below, what is the difference in the

lengths of the lever arms on which the two objects push down?

A3 ft. 8 Pt

7\mwmInsir.=1

To calculate the moments of a lever, we must know the weight

of each object involved and the length of the lever arm on which

each of the objects acts. By multiplying each object's weight by

its lever arm length, we obtain the moments for the two sides of

the lever. If the clockwise and counterclockwise moments of a

lever are not equal, a lever will rotate. A lever will rotate in

the direction of the larger moment.

In this problem, the difference in the lengths of the lever

arms is (8 - 3 = 5) or 5 feet.



Find (calculate) the moment for end A of the lever

pictured below.

To calculate the moments of a lever, we must know the weight

of each ocject involved and the length of the lever arm on which

each of the objects acts. By multiplying each object's weight by

its lever arm length, we obtain the moments for the two sides of

the lever. If the clockwise and counterclockwise moments of a

lever are not mid, a lever will rotate. A lever will rotate in

the direction of the larger moment.

In this problem, the moment for side A of the lever is:

Moment veight x lever arm
Moment 48 icunds x 3 feet
Moment 144 pound-feet
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When the hand releases the lever pictured below, will it balance

or rotate? If it rotates, in which direction will it rotate?

To calculate the moments of a lever, we nut know the weight of

each object involved and the length of the lever arm on which each of

the objects acts. By multiplying each object's weight by its lever

arm length, we obtain the moments for the two sides of the lever. If

the clockwise and counterclockwise moments of a lever are not .asucl,

lever will rotate. A lever will rotate in the direction of the larger

moment.

In this problem, the moments for the lever are:

Side A: Moment weight x lever arm Side 8: Moment weight x lever arm

Moment 48 pounds x 6 feet Moment 48 pounds x 8 feet

Moment 288 pound-feet Moment 384 pound-feet

Side t has a greater downward moment than side A. Side B will go down and

the lever will rotate in a clockwise direction.



When an object Is placed on a lever that is held up at its ends,

the support on the en3 that is closer to the object holds up more

of its weight than the support that is a greater distance from the

object. To calculate the amount of weight that the support at

each end holds up, we find how many times closer the object is to

one end of the lever than to the other, and state these numbers as

a ratio. The weights held by the two supporta is in the same ratio

as the ratio of distances. The larger weight of the ratio pushes

down on the support that is closer to the bject and the smaller

weight of the ratio pushes down on the support that is at a greater

distance from the object. To calculate the moment for one end of

this type of lever, we multiply the amount of weight held up by

the support on that end by the distance between the object and the

support on that end.



A bridge is sl.,own in the drawing below. The bridge is

supported by two pillars (A and B). A truck is stopped on the

bridge. Which pillar supports most of the truck's 6,000 pounds?

1-4157

When an object is placed on a lever that is hold up at its ends,

the support on the end that is closer to the object holds tip more of

its weight than the support that is a greater distance from the object.

To calculate the amount of weight that the support at each end holds

up, we find how many times closer the object is to one end of the

lever than to the other, and state these numbers as a ratio. The

weights held by the two supports is in the same ratio as the ratio of

distances. The larger weight of the ratio pushes down on the support

that is closer to the object and the smaller weight of the ratio pushes

down on the support that is at a greater distance from the object. To

calculate the moment for one end of this type of lever, we multiply the

amount of weight held up by the support on that end by the distance

between the object and the support on that end.

In this problem, pillar A supports more of the truck's weight

than pillar B.

1
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A bridge is shown in the drawing below. The bridge is supported

by two pillars (A and B). A truck is stopped on the bridge. How much

of the truck's 6,000 pounds is supported by pillar A?

/ it 011 '

When an object is placed on a lever that is held up at its ends,

the support on the end that is closer to the object holds up more of

its weight than the support that is a greater distance from the object,

To calculate the amount of weight that the support at each end holds up,

we find how many times closer the object is to one end of the lever than

to the other,and state these numbers as a rati-. The weights held by the

two supports is in the same ratio as the ratio of distances. The larger

weight of the ratio pushes down on the support thr.t is closer to the

object and the smaller weight of the ratio pushes down on the support

that is at a greater distance from the object. To calculate the moment

for one end of this type of lever, we multiply the amount of weight held

up by the support on that end by the distance between the object and the

support on that end.

In this problem, the truck is S times closer to A than B, and A

supports S times as much of the truck's weight as B, or 5,000 pounds.



A bridge is shown in the chiming below. The bridge is supported

by two pillars (A and B). A 6000-pound truck is stopped on the bridge.

What is the moment of pillar B?

/ 5 fir.

When an object is placed on a lever that is held up at its ends, the

support on the end that is closer to the object holds up more of its weight

than the support that is a greater distance from the object. To calculate

the amount of weight that the support at each end holds up, we find how

many times closer the object is to one end of the lever then to the other,

and state these numbers as a ratio. The weights held by the two supports

is in the same ratio as the ratio of distances. The larger weight of the

ratio pushes dawn on the support that is closer to the object and the

smaller *might of the ratio pushes down on the support that is a greater

distance from the object. To calculate the moment for one end of this type

of lever, we multiply the amount of weight held up by the support on that

end by the distance between the object and the support on that end.

In this problem, pillar B is 50 feet from the truck and pillar A is

10 feet from the truck. Pillar B holds up 10/60 or 1/6 of the truck's

weight (or 1,000 pounds). The moment of pillar B is equal to the amount of

weight it holds up times its lever arm length (1000 pounds x 50 feet) or

50,000 pound-feet.



To calculate the moment of a lever arm on which one object is acting,

we multiply the weight of the object times the lever arm length. To

calculate the moment of a lever arw on which two objects are acting,

we calculate the moment for each object separately and add the two

moments together. That is, we multiply each object's weight by its

distance from the fulcrum and add the two moments together. To find

which end of a lever will go up or down, we calculate the moments

for each of the ends. The end with the larger moment will go down.



Find (calculate) the downward moment for side A of the

lever shown below.

A ft. 5 rt.

i lb. E 3 In

B

To calculate the moment of a lever arm on which one object

is acting, we multiply the weight of the object times the lever

arm length. To calculate the moment of a lever arm on which two

objects are acting we calculate the moment for each object sepa-

rately and add the two moments together. That is, we multiply

each object's weight by its distance from the fulcrum and add the

two moments together. To find which end of a lever will go up or

down, we calculate the moments for each of the ends. The end with

the larger moment will go down.

in this problem: Moment = weight x lever arm
Moment = 9 pounds x 6 feet
Moment = St pound-feet



Find (calculate) the total downward moment for side B of the

lever shown below.

A a ft.
4ft.

9

Sft.

ib. 7 lb.

To calculate the moment of a lever arm on which one object is acting,

we multiply the weight of the object times the lever arm length. To

calculate the moment of a lever arm on which two objects are acting we

calculate the moment for each object separately and add the two moments

together. That is, we multiply each object's weight by its distance from

the fulcrum and add the two moments together. To find which end of a

lever will go up or down, we calculate the moments for each of the ends.

The end with the larger moment will go down.

In this problem:

Moment 0 weight x lever arm + weight x lever arm
Moment a 7 pounds x S feet + 3 pounds x 8 feet
Moment a 35 pound-feet + 24 pound-feet

Moment S9 pound-feet



The lever shown below is unbalanced. Perform the work (calculations)

to show which end goes up and which end goes down when the hand releases the

To calculate the moment of a lever arm on which one object is acting,

we multiply the weight of the object times the lever arm length. To cal-

culate the moment of a lever arm on'which tw) :bjects are acting we cal-

culate the moment for each object separately and add the two moments

together. That is, we multiply each object's eight by its distance

from the fulcrum and add the two moments together. To find which end

of a lever will go up or down, we calculate the moments for each of

the ends. The end with the lean moment will go down.

In this problem;

The cloAwise moments are! Momenta 7 pounds x 5 feet + 3 pounds x Afeet

Moments 3% pound-feet + 24 pound-feet

Moments 59 pound-feet

Counterclockwise momentst Moments 9 pounds x 6 feet

Moment 54 pound-feet

Since the clockwise moments are larger than the counterclockwise

moments (S9-54 3) the lever will rotate in a clockwise direction.



To find where a given weight must be placed on an unbalanced lever

in order to have it balance, we must know either the moment of the

side of the lever on which an object has already been placed or the

moment needed to balance the lever. If only one weight is to be

placed on each side of the lever, then we divide the weight of the

object whose lever arm we are going to find into the moment of the

opposite side of the lever, This gives us the distance from the

fulcrum that the weight must be placed in order to have the lever

balance. If a weight is already attached to each side of the lever

and a third weight will be used to balance it, we first calculate

the moments for the two sides and find the difference between them.

(Subtract the smaller moment from the larger moment.) We then

divide this difference in the moments by the weight of the third

object to find how far it must be placed from the fulcrum to have

the lever balance.
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At what distance from Coe fulcrum must the 54.pound weight be

placed to have the moment of the lever arm pictured below equal to

378 pound-feet?

To find where a given weight must be placed on an unbalanced

lever In order to have it balance, we must know either the moment

of the side of the lever on which an object has already been placed

or the moment needed to balance the lever. If only one weight is to

be placed on each side of the lever, then we divide the weight of

the object whose lever arm we are going to find into the moment

of the opposite side of the lever. This gives us the distance

from the fulcrum that the weight must be placed in order to have

the lever balance. If a weight is already attached to each side of

the lever and a third weight will be used to balance it, we first

calculate the moments for the two sides and find the difference

between them. (Subtract the smaller moment from the larger moment.)

We then divide this difference in the moments by the weight of the

third object to find how far it must be placed from the pivot

to have the lever balance.

In this problem, the weight must be placed 7 feet fro% the pivot.

378 pound-feet/54 pounds a 7 feet.



At what distance to the right of the center of the lever must

a 16-pound weight be hung in order to have the lever balance?

#it

To find where a given weight must be placed on an unbalanced lever

in order to have it balance, we must know either the moment of the side

of the lever on which an object has already been placed or the moment

needed to balance the lever. If only one weight is to be placed on each

side of the lever, then we divide the weight of the object whose lever

arm we are going to find into the moment of the opposite side of the

lever. This gives us the distance from the fulcrum that the weight must

be placed in order to have the lever balance. If a weight is already

attached to each side of the lever and a third weight will be used to

balance it, we first calculate the moments for the two sides and find

the difference between them. (Subtract the smaller moment from the larger

moment.) We then divide this difference in the moments by the weight of

the third object to find how far it must be placed from the pivot to

have the lever balance.

In this problem, the 16-pound weight must be hung 5 feet to the

right of the center in order to have the lever balance.

20 pounds x 4 feet = 5 feet

16 pounds



At what distance to the right of the center must the 2-pound weight

be attached in order to have the lever balance?

10 fe, Pitt.

8 1b. gi lb.

To find = -where a given weight must be placed on an unbalanced lever in

order to have it balance, we must know either the moment of the side of the

lever on which an object has already been placed or the moment needed to

balance the lever. If only one weight is to be placed on each side of

the lever, then we divide the weight of the object whose lever arm we are

going to find into the moment of the opposite side of the lever. This

gives us the distance from the fulcrum that the weight must be placed in

order to have the lever balance. If a weight is already attached to each

side of the lever and a third weight will be used to balance it, we first

calculate the moments for the two sides and find the differenee between

them. (Subtract the smaller moment from the larger moment.) We then

divide this difference in the moments by the weight of the third object

to find how far it must be placed from the pivot to have the lever

balance.

In this problem: Without the 2-pound mass the moment on the left side

is 80 x 10,or 80 pound -feet and the moment on the right side is 4 x 14, or 5

pound-feet. A difference of 80-56,or 24 pound-feet,is needed to balance the

lever. P" dividing 2 pounds into the 24 pcmnd-feet needed, we find that the

2-pound weight must b, placed at the 12-foot mark.



To find the amount of weight needed on one end of a lever to lift

an object on the opposite end, we first calculate the moment for

the end of the lever on which the object has been placed. This moment

is calculated by multiplying the object's weight by its lever arm

length. We then divide this moment by the lever arm length of the

opposite end to obtain the weight needed to lift the object.



In the drawing below, what is the weight of the object

that is to be moved?

.1MImIP

To find the amount of weight needed on one end of a lever

to lift an object on the opposite end, we first calculate the

moment for the end of the lever on which the object has been placed.

This moment is calculated by multiplying the object's weight by its

lever arm length. We then divide this moment by the lever arm

length of the opposite end to obtain the weight needed to lift the

object.

In this problem, the object to be moved by the lever weighs

45 pounds.



Find (calculate) the moment for the end of the lever on which the

object to be moved is located?

118

To find the amount of weight needed on one end of a lever to lift

an object on the opposite end, we first calculate the moment for the

end of the lever on which the object has been placed. This moment is

calculated by multiplying the object's weight by its lever arm length.

We then divide this moment by the lever arm length of the opposite end

to obtain the weight needed to lift the object.

In this problem, the moment is calculated by:

Moment = weight x lever arm
Moment = 48 pounds x .5 feet
Moment = 24 pound-feet



How much weight must be attached to the right end of the lever

in order to have the object on the opposite end balance.

To find the amount of weight needed on one end of a lever to lift

an object on the opposite end, we first calculate the moment for the

end of the lever on which the object has been placed. This moment is

calculated by multiplying the object's weight by its lever arm length.

We then divide this moment by the lever arm length of the opposite end

to obtain the weight needed to lift the object.

In this problem, the moment of the left end is (48 pounds x .5 feet)

or 24 pound-feet. This moment divided by the length of the other lever

arm (24 pound- feet/6 feet) is eoual to 4 pounds, or the weight necessary

to have the object on the opposite end balance.

I



Appendix D
Instructions for Cooperating Teachers

In this study, as in any study, it is imperative that there be

consistency in the instructions and treatments that students receive

in their individual classrooms. Variation in the way in which teachers

instruct or handle their classes in an experimental situation may cause

significant deviations in the experimental outcome that cannot be

accounted for or explained. The following statements are therefore

set down as guidelines to establish a consistent set of instructions

to be given students and procedures to be followed by students in each

of the eight class sections.

October 6th thru 22nd.

During this time, students in each of the classes will be working

in the programmed text in astronomy. Students will work on an

individual basis, and at their own rate. Teachers should observe

student progress and assist each student in reaching a stopping

point in the text on Wednesday, October 22. Prior to October 22

teachers should explain to students that on this date, they will

be taking a break from studying astronomy to do some work inr a

short time with some nr learning materials. Tell students that

they will be working for a shoct time with these new learning

materials, that they should work as hard as they can in learning

from these materials, and that whatever grade they earn will

count towards their marking period grade.



Thursday, October 23

On this date all students in the eight class sections will take

the Ability to Interpret Reading Materials in the Natural Sciences

Test. Students should be told that you are trying to determine

how well they can read science materials before they work on some

new subject material. Please do not refer to the new materials

as an experiment.

1. Distribute pre-labeled answered sheets and test booklets to

students as quickly as possible. Students should be given as

much of the class period as possible to work on the test.

2. Read the sample question aloud to the class and give them a

brief explanation.

3. Instruct classes that they may guess at answers if they feel

reasonably sure that they know the answer. That is guessing

will not count against them.

4. Allow students to work up to, but not past, the passing bell

for that period. Collect papers as students finish and return

them to Mr. Yost.

5. Make a list of students who are absent so that they may take

the test at a later date. Students not taking this test may

begin work with the remainder of the class on the next day.

Arrangements to give the test to students who were absent'

will be made at a later date.

I



Friday, October 24

1. Take roll - note absences.

2. Send the control group students to the library. Tell them that

they will be going to the library to read during science period

for the next few days (Each teacher will be given a list of the

names of students in the control group).

3. Repeat the cover story if you have not done so as yet (This

is not an experiment).

4. Distribute learning materials booklets - instruct students not

to open them.

5. Read the instructions on page 1 of the booklet aloud as students

follow along in their own booklets. Answer student questions.

6. Give students about 30 minutes to work in their booklets.

Please make note of exactly how long (in minutes) you give

students to work.

7. Collect all booklets - tell students how and where they will

pick up their own booklets as they enter class on Monday.

Explain that booklets will be given out at the beginning

and collected at the end of each class period.

Monday, Tuesday, Wednesday, October 27, 28, 29

1. Each day students enter class, they should pick up their

booklets and begin working.

2. No talking should be allowed.



Monday Tuesday, Wednesday, October 27, 28229 Cont'd.

3. Teachers should circulate through class to check student

progress and to see if they are following directions. If

a student is not following directions, please attempt to

make the correction process a personal (one to one), somewhat

pleasurable experience. A strenuous individual or class reprimand

may cause serious harm to the outcome of the study. Please try

to avoid this type of activity.

4. Teachers should not answer student questions dealing with

subject matter content.

5. If a student is absent, mark the day that he is absent on the

front of his booklet (please circle and initial).

6. If a student, for some reason, leaves the room or stops working,

mark the number of minutes that he loses on the front of his

booklet (please circle and initial the number).

7. When a student completes his booklet, collect it, write the day

he finished and the number of minutes that day that he worked

on it on the cover. If more than 15 minutes remains in the

period, allow him to begin on the final evaluation.

Thursday, Friday, October 30th, 31st. (approximately)

i. As students complete their booklets, they should begin taking

their final evaluations.

2. Normal testing procedures should be adhered to - no talking

or working together. Students may guess at answers if they

feel that they might know the answer.



Thursday, Fridays October 30th, 31st. (approximately) Cont'd.

3. To avoid any effect on the experimental outcome of students

taking one of the tests first, each teacher will have one

of his classes take Part I of the test first and the other

of his classes take Part II of the test first. It makes

little difference which of your classes takes which part

first. Please inform til6 of your choice. Needless to say,

it would be catastrophic if students answered Part II of

the evaluation in the Part I answer blanks. PLEASE CHECK

EACH STUDENTS WORK TO MAKE SURE TdAT THIS DOES NOT HAPPEN.

4. When a student completes one quiz, he may begin immediately

on the next. The questions that a student does not complete

in one day, he may complete the next day. Please collect

tests and answer sheets at the conclusion of each period

and redistribute them the following da .

5. When a student completes both parts of the evaluation he

may sit quietly and read or work on some other material.
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Appendix E
Judges Evaluations of Content Validity for Test II

JO. es 1 2 3 4 5

Question No.
1. x x x x x

2. x x x x x

3. o x x x x

4. x x x x x

5. x x x x x

6. x o x x x

7. x x x x x

8. x x x x x

9. x x x x x

10. x x x x o

11. x x x x x

12. x x x x x

13. x x x x x

14. x x x x x

15. o x x x x

16. o x x x x

17. x x x x x

18. x x x x x

19. x x o x x

20. x x o x x

21. x x o x x

22. x x o x x

23. x x x x x

24. x x x x x

25. x o x x x

x = Acceptable.
o = Not Acceptable.



Appendix F

Evaluation Instruments



FINAL EVALUATION

PART I
Name:

Teacher:

Last First

DIRECTIONS: Read each question and decide
which word, phrase, or number is the cor-
rect answer. Look at the answer spaces on
your answer sheet. Fill in the space which
has the same letter as the answer you have
chosen. There is only one correct answer
for each question. Should you change an
answer, you should completely erase the in-
correct answer.

SAMPLE: The person who invented the lever
was probably a(n)

a. auto mechanic c. sailor
b. caveman d. airplane pilot

1. A weight of must be placed
on the lever to have the moment equal
48 ft.-lbs.

rn-1
a. 6 lbs.
b. 14 lbs.

c. 2 lbs.
d. 8 lbs.

2. The moment for side A of the lever is

a. 28 lb.-ft. c. 20 lb.-ft.
b. 84 lb.-ft. d. 19 lb.-ft.

3. The bar pictured below is supported fro
ceiling by two strings and has an objec
hanging from it.

A t tr'

ibl

a. The strings support equal amounts o
the object's weight.

b. String A supports more of the objec
weight than string B.

c. String B supports more of the objec
weight than string A.

4. The picture below is of an equal-arm pal
balance. If a 4-pound weight is placed
the pan of side A, how much weight must
placed on the pan of side B in order to
have the pans balance?

a. A weight larger than four pounds.
b. A weight smaller than four pounds.
c. A weight of four pounds.

S. A weight of must be placed
2 feet from the fulcrum on the right sip
of the lever in order t 4ave it balanci

it.

a. 16 lbs.
b. 5 lbs.

c. 6 lbs.
d. 10 lbs.



6. A boy is given an empty box, a rectangu-
lar stick, and two cans of water as
shown in the drawing below. Both cans
are filled with water and one is much
larger than the other. If the boy
places the larger can of water inside
the box on the left edge, and the
smaller can of water inside the box on
the right edge, approximately where
should the stick be placed to have the
box balance on it and not touch the top
of the table?

a. Under the center of the box.
b. To the right of the center of the

box.

c. Under the left edge of the box.
d. To the left of the center of the

box.

7. When the hand releases the lever, the
lever will

a. Remain balanced.
b. Rotate in a clockwise direction.
c. Rotate in a counterclockwise di-

rection.

8. The drawing below is of a lever with tqual
weights hinging at different distances
from the fulcrum. What as the difference
in the distances between weight A and the
fulcrum and weight S and Ple fulcrum?

a. 18 inches.

b. 10 Plate.
t. 8 inches.

d. 2 inches.

9. The bar pictured below is supported from a
ceiling by two ropes and has an object
hanging from it. How much of the object's
weight is supported by rope A'

a. 10 lbs.
b. 20 lbs.

c. 30 lbs.
d. 12 lbs.

10. The bar picture below is hanging from a
ceiling by a clamp that will allow it to
pivot or turn. The bar is of the same
thickness all along its length, and is bal-
anced. How does the length of the bar to
the right of the clamp compare with the
length of the bar to the left of the clamp?

a. They are of the same length.
b. The length of the bar on thc. left is

longer than the length of the bar on
the right.

c. The length of the bar on the right is
longer than the length of the bar on
the left.

d. The length of the bar on the left is
shorter than the length of the bar on
the right.

11. A pull downward of 10 pounds must be ex-
erted at a point to the right
of the fulcrum in order o balance the ob-
ject on the left.

a. 4 ft.

b. S ft.

c. 6 ft.

d. 7 ft.

III.1.111%.



12. The weight on end exerts a push
downward of pounds more than the
weight on the opposite end.

a. A , 40

b. 8,20
c. A , 20

d. 3,60

13. The bar pictured below is hanging from a
ceiling by a clamp that will allow it to
pivot or turn. The bar is of the same
thickness all along its length and is bal-
anced. If a 10 -round weight is hung half
way out on the left side, where can a
second 10-pound weight be hung to again
have the bar balanced?

a. Just to the right of the pivot.
b. Half way out on the right side.
c. Half way out on the left side.
d. On the extreme right end of the bar.

14. in calculating the amount of work done
in moving the object on end 8 of the
lever, which length or distance would
be used?

a. 48 ft.
b. .5 ft.

c. 2. ft.
d. 4. ft.

15. When the hand releases the lever pictured
below-

/01n.

a. It will remain in a balanced position.
b. End A will go down.
c. End 8 will go down.
d. It will rotate in a clockwise direction.

16. The drawing below is of three wheels that
are free to rotate. A and C are single
wheels and wheel B is two wheels firmly
fastened together. When one wheel turns,
the belts will cause all of the other
wheels to turn. If wheel A rotates in a
clockwise direction, in what direction will
wheel C rotate?

a. Clockwise b. Counterclockwise

11. of work will be done in
lifting the 95.pound object a vertical
distance of .2 feet with the lever.

a. 19 ft.-lbs.
b. 8SS ft.-lbs.

C. 511 ft.-lbs.
d. None of the above

amounts



18. The moment for side A is

a. 80 lb.-ft. c. 40 ft.-lbs.
b. 120 ft.-lbs. d. 80 ft.-lbs.

22. The picture below is of an equal-arm pan

balance. An additional weight of

pounds must be placed on side to

have it balance.

A B

a. 6 ) A

19. The difference in the moments for ends A and b. 3 1 B

B of the lever are

a. 12 ft.-lbs. c. 30 ft.-lbs.

b. 18 ft.-lbs. d. 6 ft.-lbs.

20. What is the difference between the amount
of work done in moving the 5pound
object and the moment of the 5-pound

) object?. ( Hint: Moment - Work Answer)

1
18 --.A

2

a. 2.5

b. 17..5

c. 2.

d. 18.5

21. The drawing below shows half of a lever.
What is the length of the lever arm that
the 30-pound weight acts on?

4

a. S. It.

b. 4. ft.

c. 9. ft.
d. 20.ft.

c. 9 1 B

d. 3 A

23. In the lever pictured below, the weight on
side acts through a lever arm

inches longer than the weight on

the opposite side.

a. A 1

b. A f 11
c. 12

d. 8 11

24. The drawing below is of three wheels that
are free to rotate. Wheels A and C are
single wheels and wheel 8 is two wheels
firmly fastened together. The belt be-
tween wheels A and 8 is straight and the
belt between wheels B and C is reversed.
If wheel A rotates in a clockwise direction,
in what direction will wheel C rotate?

a. Clockwise b. Counterclockwise
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25. The drawing below shows half a lever.

The moment for the attached weighttis

4Pr521----`1

rio lb

a. SO ft.-lbs. c. 40 ft.-lbs.
b. 60 ft.-lbs. d. None of the above.



FINAL EVALUATION
PART II

Name:

Teacher:

Last First

1. All of an object's weight seems to be con- 6. The lever pictured below increases the
centrated at its that acts on the box.

a. moment c. fulcrum
b. center of gravity d. center

2. The center of gravity of the baseball bat
is located nearest to point

a. b.

a. weight
b. energy
c. force
d. moment

7. A three pound object and a one-pound ob-
ject are connected by a rod. The center
of gravity of the two connected objects is

c. cr" at point

Center of bat

3. Which usually would be the best shears for
cutting herd metal?

a. b. c. d.

4. The support or point about which a lever
rotates is called the

a. fulcrum
b. moment

c. Center of gravity
d. force

S. opposes motion sni causes the
conversion of mechanical energy to heat
energy.

a. friction
b. weight

c. inertia
d. sass

3 lbs.
a. b. c. d.

8. is a push, pull, or lift that
is exerted on an object.

a. mass
b. moment

c. work
d. force

9. The downward pull on the hook is

a. 10 lb.

b. 16 lb.

c. 18 lb.
d. 8 lb.

lb.
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10. When using a lever to move an object, a man
places the fulcrum closer to the object to
reduce:

a. The weight of the object being moved.
b. The amount of effort force that he must

apply.
c. The force that is applied to the

object.

d. The number of times that his force is
increased.

11. Friction causes loss of mechanical energy
as

a. mass
b. temperature

c. weight
d. heat

12. A man does 45 fv.lbs, of work in pulling on
a lever that does 40 ft:-lbs, of work in lift-
ing a rock. The amount of work that was
used in overcoming friction was

a. 45 ft-lbs. c. 5 ft-lbs.
b. 40 ft-lbs. d. 85 ft-lbs.

13. A lever having 50 ft-lbs. of work input and
40 ftlbs. of work output has efficiency.

a. 102

b. 802
c. 902
d. 1002

14. reduces the amount of useful
work that we get out of machines.

a. the site of the resistance
b. friction
c. efficiency
d. the weight of the object being moved

15. Sim is to automobile aemoment is to

a. torque
b. weight

c. lever arm
d. mass

16. The downward force on the fulcrum is

a. f0 lbs.
b. 8 lbs.

c. 4 lbs.
d. /2 lbs.

17. When calculaeng a moment, we multiply
a force by a

a. torque
b. length

c. weight
d. mass

18. How much work does the boy do in pulling
down on the lever to move the rock?

1 O.

a. 1000 lb-ft.
b. 250 ft-lbs.

c. 500 ft-lbs.
d. 16 ft-lbs.

Zit

19. One boy on one end of a see-saw can lift
2 boys on the other end if. the 2 boys
move-

a. Closer to the fulcrum, making a shorter
lever arm.

b. Farther away from the fulcrum, making a
longer lever ars.

c. To the extreme end of the lev r arm.



20. A man can lift a 25-1b. box with a lever
by applying a force of 5 lbs. If he moves
the fulcrum farther away from the box, he
would then

a. use less force
b. use more force
c. use the same amount of force.

21. Its easier for a man to raise a heavy object
with a lever if he moves the fulcrum closer
to the object because

a. The object's moment becomes larger than
the man's moment.

b. The man's force is multiplied a larger
number of times.

c. The weight of the object is reduced.
d. A great deal less force is, needed.

22. When using a lever, the closer the fulcrum
is to the object being moved, the

a. shorter the effort arm of the object
being moved.

b. larger the effort force has to be.
c. larger an object that can be lifted

with a given force.
d. smaller the object ue can lift.

23. A boy pulls on one end of a lever and moves
a rock. If we Ignore friction, the amount
of work that the boy does in pulling on the
laver is

a. greater than the amount of work done on the
rock.

b. equal to the amount of work done on the
rock.

c. less than the amount of work done on the
rock.

24. reduces the work output
of a machine.

a. moment
b. friction

c. inertia
d. weight

25. Work is to the force parallel to
distance moved as
is to the force at right angles
to lever arm length.

a. fulcrum
b. movement

c. weight
d. moment


